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MartemaTn4yeckas 00padoTKa pe3yJbTaTOB IKCIIEPUMEHTA

1. Cpennee apudgmernueckoe, Mmoaa u meanana. CpeaHee KBajgpaTruieckoe
OTKJIOHEHHE

BepositHo, Ber oTiimuHO 3HaeTe, 4Tto Takoe cpemHee apudmerndeckoe. Eciou
Mbl MMeeM HabOp KaKUX-TO BEJMYMH, M BCE OHM OJHOW MPUPOJIbLI (YCPEIHSThH
KHJIOTPAMMBI C KHJIOMETPAMH Mbl, KOHEYHO, HE MOYKEM), HAJ0 IMOCYUTATh CyMMY, a
3aTeM, MOJEIUB €€ Ha KOJMYECTBO CJIaraeMbIX, HAWTU cpeaHee apu(MeTHUYEecKoe.
Kazanochk Obl, MPOCTOE M XOPOIIIO 3HAKOMOE JCHCTBUE, HO U TYT UMEETCSI HECKOJIBKO
npobiem st oOcyxaenus. [lpwm 3HAKOMCTBE C HEKOTOPHIMH ''TTOKa3aTeIsIMH"
MOHEBOJIE BCIIOMUHAETCS U3BECTHAA ITyTKA O "CpelHel TeMiiepaType mo OonbHUIE".

IIpumep. Jlonyctum, ¢upma uMeeT JBE NaNaTKH, TOPTYIOIIUE Topsden
BBIIICYKOM, KOTOPYIO OHM IIEKYyT Ha MecTe u3 mnoiaydadbpukatoB. B Tabmuie
MPUBOJUTCS NPUMEPHAs CBOJKA €KEIHEBHOM BBIPYYKM KaXJOW M3 MalaToK 3a

Hegento (B pyo.).
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Paznuumne B exXeIHEBHOM BBIPYYKE B OCHOBHOM CBS3aHO C PAaCIOJIOKEHHEM
nanatok. [lamatka | Haxomurcs B mapke OTAbIXa, B TO Bpems Kak Ilamatka 2
pacnoJiokeHa HampOTHUB IIKOJIBI M BOJIU3U TPpoxoiHOoM kpynHoro HUU.

Brnagenen ¢upmbl pemus BbIIIAUMBATH €KEMECSYHYIO MPEMUIO MPOJIaBLaM
TOM MmanaTKu, KOTOpas AacT B 3TOM Mecsle Oobliryto BeIpyuky. [Ipu pacnpenenenun
IIPEMUN BBISICHWUJIACH YAWBUTENIbHAS BEIb: BBIMIPHIII B 3TOM 'COPEBHOBaHUM'
3aBUCEJI TOJIBKO OT KOJIMYECTBA BBIXOJHBIX B MECSLIE.

He xorenoch Obl mpUBOAUTH OOJBIIOE KOJIMYECTBO LU(MP 3a BECh MeECSI] B
LEJIOM, HO M 0€3 3TOro BUIHO, YTO €ciu Obl BIaAeNblly (GUPMBbI MpPHUILTIA B TOJIOBY

ujiesl eXKETHEBHOTO MTPEMHUPOBAHMS TTOOSTUTENSI KaKOW-TO (DMKCUPOBAHHOW CYMMOH,



"[TamaTka BBIXOJHOTO JHA" MOTja Obl PACCUMTHIBATH HA MPEMUH B JIBA C MTOJIOBUHOMN
paza pexxe, XOTs HeJleTbHasl BRIpyYKa OT Hee OOJIbIIe.

B takux ycinoBusx 6ojee pazyMHOE COPEBHOBAHHE MOTJIO ObI OBITh OCHOBAHO
Ha OCPEIHEHUM TMOKa3zaTenel 3a Heaento. JlomycTuM, HeJenbHBIE IOKa3aTeNln
MPaKTHYECKU cOBMaiu. Kak OlleHUTh, Kakas U3 MajaToK MoJie3Hee M1 (GUPMBI, €CIH
0 KaKUM-TO IIpu4IrHaM prupme HeoOX0AMMO MPOJIATh OJHY U3 HUX?

Ecnim  BeIpyuyka TIpakTHYECKH COBMAAAET, Biajemel, IMO-BUIUMOMY,
MIOMHTEPECYETCs CTAOMIBLHOCTHIO PA0OTHI TOPTOBOM TOYKU. BUHBI MPOJAaBIIOB B ATOM
HET, HO ecin 00OpyaOBaHKE pabOTaeT ABa AHS B HENETIO HA M3HOC, a B OCTAIBHOE
BpeMsi OOJIbIIIE MPOCTOEB, BHIXOJ M3 CTPOSI TAKOTO O0OpYJI0BaHMS OOJee BEPOSITEH.
[Iycte B onuH (CiaydaliHBIM 00pa30M BBINMABIINM) JICHh B HEJCTI0 HUIET CHIIHHBIM
JOK]Tb, ¥ Ha YJHIIAX Majio MPOXOXKHUX, MaJCHUE BRIPYIKH OCOOESHHO PE3KO 3aMETHO,
KOTJla TaKOM JTOXKJIMBBIN JIGHh COBIIQJIAaCT C OJHUM M3 BBIXOJHBIX. {7151 cpaBHEHHUs
MOXHO TPEJICTABUTh CIIOPTCMEHOB, KOTOPhIE MMEIOT PaBHBIC IIAHCHI BBIUTPATh, HO
OJIMH W3 HUX BBICTyHaeT poBHee. CKopee BCero, MMEHHO OH U OyJIeT IPUHST B COCTaB
COOpHOTA.

Ho BoT emie oauH Bompoc: a HE JeiaeT Ju ATa caMas HecTaOuJibHAs TajaTKa
paboty ¢bupmbl B 11e710M Oosiee CTaOMIIbHOM, IPEKPACHO JTOTONHSS padoTy MajaTKu
2? JlaBaiiTe BBIJIBUHEM 3TO YTBEP)KJCHHE B Ka4eCTBE THIIOTE3bl M MOMPOOyeM ero
JI0Ka3aTh WJIA OMPOBEPTHYTh. UTOOBI OIEHUTH ATy MPOOJIEeMy KOJTMYECTBEHHO, HAJO

MPEXJIe BCET0 MPOCYMMHUPOBATH THEBHYIO BBIPYUKY 00€HX MajaToK.
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To, yTo MBI onmucaJid OOIIMMHU CJIOBAaMHU Kak '"HeCTaOMJIBHOCTH paboThl", B
CTaTHUCTUKE HA3bIBACTCS XapaKTEPUCTUKOM paccemBaHuss. K HUM OTHOCATCS Takue

IMMOKAa3aTCJIM KaK JUCICPCHUSA U CPEAHCEC KBAJAPATHUYCCKOC OTKIIOHCHHUC. IToxaxxem Ha



IpEeapIAyIeM TpUMepe, Kak ONPEACNSIOTCS 3Tu ToHsTHs. [locumraem cHavana
cpenHee apuMETUYECKOE BBIPYYKH IS KaXKIIOW MaJaTKu OTACIBHO, W I 00enx
najaTok BMecTe (OCpeaHCHHUE TIPOBOANM 3a CEMb JTHEH):

Xep1=600 py0., X, ,=598 py0., Xp.142=1198 pyo.

YtoOBI CpaBHUTH pa3OpOC 3HAUCHUM, IIOCYUTAEM JIJII OOCUX IajaTOK JTHEBHBIC
OTKJIOHCHHUS BBIPYYKH OT UX COOCTBEHHOTO CPEJIHETO 3HAUYCHHS.

UtoOBl M3MEPHUTH, HACKOJLKO OJIHA TaNaTKa "HecTaOmibHee" Apyron, Xo4eTcs
CJIOXKHUTH BCIO CTPOKY 3a HEJEIIO M MOJIYYUTh O0Iee OTKIOHCHHE 32 BECh OTYCTHBIN
nepuoa. Ho aToro nmenats HEmb3s, MBI CaMU TaK MOCTPOWIIM ATH MOKa3aTeIH, 4To,
CJIOKHUB, TOJYYHMM HOJIb (C TOYHOCTBIO JO TOTPEUTHOCTH OKPYTJICHHS - CPEIHEe
apudMeTHUYECKOe BeIMYMHA HE 00s3aTenpHO 1enast). UToObl m30ekaTh 3TOro
OOHYJIEHHSI, HAM HaJl0, YTOObI KaX/J10€ OTKJIOHEHUE OT CPEIHEr0 apU(PMETUYECKOTO
"mumuaock” cBoero 3Haka. JIJIsl ATOro BO3BOAST KaKAYyH0 BEJIWYHMHY B KBajapar, U

JIMIb 3aTCM CYMMHUPYIOT BECh PO 3HAYCHUI.
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YroObl HE 3aBUCETh OT IEPUOJA OCPEIHEHUS MAENAT MOIYYEHHYI0 CyMMY
KBaJJpaTOB HA YKCIIO ClaraembIX (B HallleM CiIy4ae, MO-TPeKHEMY Ha ceMb). Takas

BCINYMHA HAa3bIBACTCA menepcneifl.



CI]EIIHEE KBAIPATHYECKOE

Mucnepens (py6.%) ork.oHeHHE (py6.)

[Mananics 1 2935522 343.6
[lamaTka 2 27633 166,2
Ma.arku 142 161938 42,4

Mpb1 BUIUM, YTO UCIIEPCUSt JEHCTBUTEIHLHO OYEHb MOKa3aTelbHasi BEJIMYMHA.
VY "llanatku BBIXOAHOTO AHS" OHA BbIIE Oojiee, 4eM B jecsATh pa3. [ucnepcuro
MOXHO mocuutaTh B Excel aBTOmMaTtmueckw, gake HE cuuTas NpPEIBApUTEIHHO
cpenHee apudmMeTuyeckoe, mporpamma cieiaetr 3To cama. s 3Toro, Haxojsuch B
daiine Excel, HaxxmuTe B BepxHeM MeHIO KHomky fy. 3arem, BbiOepuTe cpenu
bynkuuii Tun "CTATUCTUYECKHUE", u u3 npeioxkeHHOTo MepeyHsi B OKOIIKE -
JAUCIIPA. 3arem, nmo mojicka3ke, IMocTaBuB Kypcop B moisie "Yucno 1" mposeaute
MBIIIBIO BJIOJIb CTPOKHU C HAOpAHHBIMH 3HAYCHUSIMU. DTOT BUJ MOJCUYETA HA3bIBACTCS
"BBIUMCIICHHE CMEIIEHHON IUCIIEPCUH TI0 T€HEPAIBHOM COBOKYyNHOCTU". [{ucnepcueit
4acTO MOJB3YIOTCS, HO Oosee ynoOHas XapaKTEpUCTHKAa HOCUT Ha3BaHUE CpeHee
KBaJIpaTH4YecKoe OTKJOHeHHe (O0ObIYHO 0003HA4aeTcs Tpeueckoil OykBoMl omera.
CpenHee KBaJpaTUYECKOE OTKIIOHEHHE - 3TO KBaJPATHBIA KOPEHb U3 AUCIEPCUU, OH
yA00€H TeM, YTO MMEET Ty K€ Pa3MEPHOCThb, UTO U MCXOJHBbIC BEJIWYMHBL. Tak, B
HaIlIEM cliydae, TUCTIepCcus uMmena Obl pa3MepHOCTh "pyOiu B KBaapare', B TO BpeMs
KaK CpeHEee KBAJIPAaTUYECKOE OTKJIOHEHUE IMOJy4aeTcsi MPOCTO W MPHUBBIYHO, B
pyOssax. B Hamem mnpuMepe, BUIHO, UYTO CyMMapHas AUCIEPCUS U CpElHEe
KBaJpaTUYECKOE OTKIOHEHHE y JIBYX MaJlaTOK BMECTE BCE-TAKH BBIIIE, YEM y OJHOM
NepBOM MajaTKU, IPUYEM CpelHee KBaJApaTHYeCKOe OTKIOHEHHUE BhIIIE OoJiee, YeM B
JIBa pa3a. 3HAUYWT, HAIlla THIOTE3a O "MOBBINICHHOW CTAOMJIBHOCTH CYMMBI'" 3a CUET
NPUCYTCTBUSI BTOPOMl TMalaTKM HecocTositeNbHAa. MHorma, BMecTo cpeaHero
apupMETHUUYECKOTO YIOTPEOJSIIOT JIPYTUe€ XapaKTEepHbIE BEIUYUHBI, €CIH 3TO IO
KaKUM-TO TIPUYMHAM JTy4Ille OMUCHIBAET BEIOOPKY. Tak eciin pacCTaBUTh BHIOOPKY TIO
BO3pacTaHuio (WM yOBIBAaHMIO) TOM BEJIMYMHBI, KOTOPOM MBI HHTEpECyeMCs, TO

MeJIMaHa - 3TO TO, 4TO OyAeT poBHO mnocepenuue "crpos". Hampumep, eciu mbl



pacMojoXKUM MO TOPSAKY ATUTENIbHOCTH HHTEPBajbl BPEMEHU: CeKYHOd, MUHYMA,
yac, cymku u Hedens - TO MeAMaHOW Oyzaer yac. Emie o1HO moHsATHE Ui 3aMEHbI
cpenHero - moaa. CaMo Ha3BaHME IO3BOJISET JIETKO 3allOMHUThH 3TO ONPEIEIICHHUE.
Ecnu mMbl BRICTpOUM MO MOPSAKY BCe Mapsl 0OYBU Ha CKJaze MO pa3Mepy, TO caMblid
X0/I0BOM pa3zmep OyaeT Moaoi. Mosa - 3To TO, YTO HETIPEMEHHO JIOJKHBI YYUTHIBATh
IPOM3BOJIUTENN YIAKOBOK U (hacoBIuKU. Eciu GbI OONBIIMHCTBO JIIOJCH MOKYIAio
3a OIMH pa3 CTakaH MOJIOKA, MOJIOYHbIE TaKeThl HE ObLIM Obl JUTPOBBIMU. B
cremyiomieM maparpadge Mbl HauHeM paboTaTh €O CIIy4allHBIMH BEJIHMYMHAMH,

HMCIHOIIMMHU HOPMAJIBHOC PACHIPCACIICHUC, U OTH ITOHATHUSA HAM CHOBA BCTPCTATCA.

2. HopmasabHoe pacnpe/iejieHUue U ero cBoiicTBa

Ecnu BeIiTH Ha ynuIly J1000TO TOpoja U CiaydyalHbIM 00pa3oM BBIOpAHHBIX
IIPOXOKHUX CIIPOCUTH O TOM, KaKOM y HUX POCT, BEC, BO3PACT, JOXO/, U T.II., a TOTOM
MOCTPOUTH TpaduK JHO0ON W3 ATUX BEIWYWH, Hampumep, pocrta.. Ho He Oyaem
CHEIINTh, CHaYaIa MOCMOTPUM, KaK MOXHO MOCTPOUTH Takoi rpaduk. CHayana, Mbl
IIPOCTO 3aIUIIEM PE3yJbTaThl CBOETO HcciieqoBaHus. 1loToM, MBI OTCOpPTHpPYEM BCEX
JIOJIEN 1O TpyIIaM, TaK 4TOObI KaXKIblil IMonajia B CBOM JMANa3oH pocTa, HalpuMep,
"oT 180 mo 181 BxmrouuTensHO". Ilocie 3TOro Mbl TOKHBI TOCYUTATH KOJIMUYECTBO
J0Jed B KaXIOM MNOArpymnmne-auana3zoHe, 3TO OyJeT 4YacToTa NOoMmaJaHus pocTa
YKUTEJeN roposia B JaHHbIN auana3oH. OOBIYHO 3Ty 4acTh YJI0OHO O(pOPMUTH B BHUJIE
Tabnnyku. Eciy 3aTeM 3TH 4acTOThI OCTPOUTH MO OCH Y, a AUAMa30Hbl OTIOKUTH IO
OCH X, MOKHO MOJYYUTh TaK HA3bIBAEMYI0 F'MCTOrPaAMMY, YIOPSAOYEHHBINM HA0Op
CTOJIOMKOB, HIMPUHA KOTOPBIX paBHA, B JAHHOM CcCllydae, OJHOMY CaHTHUMETPY, a
JuinHa OyAeT paBHA TOM 4YacTOTe, KOTOpash COOTBETCTBYET Ka)KJOMY JHaIa3oHy
pocta. Ecnu Bam momanock 1ocTaTo4HO MHOrO kuTejied, To Bamia cxema Oyner

BBITTIAACTD IIPUMCPHO TaK:



Jlanbpie MOXXKHO YTOYHUTH 3adady. Kakawlii nuama3oH pa3OuTh Ha JIECSTh,
JKUTEJIEH PaccoOpTUPOBATh MO POCTY C TOUYHOCTHIO A0 MWLIuMeTpa. Jluarpamma
CTaHET TJIAKE, HO YMEHBIIHUTCS IO BBICOTE, "OIUIBIBET' BHHU3, T.K. B KaXJIOM
MaJICHBKOM JIMara30He KOJIMYECTBO KUTeNIel yMeHbInaeTcs. YToOsl n30ekaTh 3TOro,
MIPOCTO yBEIMYUM MaciiTad mo BepTukaiabHOil ocu B 10 pa3. Eciu runoretuyecku
MIOBTOPHUTH 3TY MPOLECIYPY HECKOJBKO pa3, OyJaeT BHIPHUCOBBIBATHCS Ta 3HAMEHUTAS
KOJIOKOJIoOOpa3Has (urypa, KoTopas XapakTepHa Juisi HopManbHoro (wiu ['ayccoBa)
pacapeneneHusi. B pe3ynbrare, OTHOCUTENIbHAS YacTOTa BCTPEUAEMOCTH KaxKJI0Tro
KOHKPETHOTO Juaria3oHa pocTa MOXET ObITh MOCUWTAHA KaK OTHOIIEHHE ILIOIIAJIH
"momMTuKa" KPUBOM, MPUXOJAIIECTOCS Ha ITOT JMAaNa3oH K IUIOMIAJAW TMOJ0 BCel
kpuBoi. CTaHaapTU3apOBaHHBIC KPHUBBICE HOPMAaJBHOI'O pPacCIpeesiCHUs, 3HAYCHUS
GYHKIUHA KOTOPBIX MPHUBOMATCS B TaONMIIAX KHUT IO CTAaTHCTHKE, BCETJa MMEIOT
CYMMAapHYIO TUIOIIA/lb MO/ KPUBOW PaBHYIO €IMHUIE. DTO CBA3AHO C TE€M, 4YTO, KakK
Brl momHHTE M3 Kypca TEOpPUH BEPOSITHOCTH, BEPOSITHOCTHh JOCTOBEPHOTO COOBITUS
Bceraa paBHa 100% (umu equHUIE), a AJI JIFOOOTO YEJIOBEKAa UMETh XOTh KaKOe-TO
3HAYEHHE POCTa - JOCTOBEPHOE COOBITHE. A BOT BEPOSITHOCTH TOTO, YTO POCT
MIPOM3BOJILHOTO YEJIOBEKA IIOMAJICT B OMpEICICHHBIM BHIOpAHHBIM HaMHU JUalla3oH,
OyaeT 3aBUCETh OT TpeX (HaKTOPOB.

Bo-nepBbIX, OT BeMYMHBI TAKOTO AUAIIa30HA - YeM TOYHEE HAIllM TpeOOBaHUs,
TEM MEHbBIIE BEPOSITHOCTH, YTO HaM MOBE3ET.

Bo-BTOpBIX, OT TOro, HAcCKOJbKO "MHoOmyisipeH" BHIOpAaHHBIH HaMHU PpOCT.
HanomuumMm, uyTo Mozaa - caMoe 4acTo BCTpeuarouieecs 3HaueHue pocra. Keratu nist
HOPMAJIBHOTO paclpeAeseHus MOJa, MEAWaHa M CPEJHEE 3HAYEHUE COBIIAJIAOT.

KprBass HOpManbHOro pacnpenesieHus CUMMETPUYHA OTHOCHUTENIBHO CpPEIHErO



sHauenus. U, B-TpeTbUX, BEPOSITHOCTh MOTAAaHNS POCTA B OMPEICTICHHBINA TUANa30H
3aBUCUT OT XapaKTePUCTUKH PACCEUBAHUS CIy4dalHON BenuuwHBL. OTYaCTH 3TO
CBS3aHO C €IUHUIIAMU H3MEpeHUs (IIPEACTaBbTE, YTO MBI Obl M3MEPSUIM JIIOACH B
JIoMMax, a He B MHJUIMMETpax, HO CaMU JIIOAM U UX POCT Obutn Obl Temu xke). Ho
JIeJI0 HE TOJBKO B ATOM. [IpocTo HEKOTOphIe MpoliecChl KyUHee IPpyIIUPYIOTCS BO3JIE
CpellHEero 3Ha4yeHHs, B TO BpeMs Kak Apyrue Oosee pazOpocanbl. Hampumep, poct
co0aKk M pOCT JOMAIIHMX KOIIEK MMEIOT pPa3Hblil pa3dpoc 3HAUYECHUU, UX KPHUBBIC
HOPMAJILHOTO pachpeiesieHusi OyayT BBIMVISIACTh MMO-pa3HOMY (HAIlOMHUM e€lIe pas,
YTO TUIOMIAAh TOJ OOCMMHU KpUBBIMH OyAeT equHWUYHOW). Tak, KpwBas I pocTa
KollleK OyneT 0oJiee y3KOM M BBICOKOM, a JJis pocTa cobak KpuBas OyAeT HUXKE U
mupe. [ xapakTepucTUKU pa3dpoca KOHEYHOTO psijia JaHHBIX B MPOIILJIOM paszelie
MBI HCTIOJIB30BAJIM BEJIMUMUHY CPEIHETO KBaIPATUYECKOTO OTKIOHEHHS. AHAJIOTHYHAS
BEJTMYMHA UCTIOJb3YETCA JUISl XapaKTEPUCTUKHU KPUBOM HOPMAIBHOTO paCIpeeIICHHUS.
Ona oOo3HauaeTcss OYKBOM S W Ha3bIBaeTCd B OTOM Clly4ae CTAHAAPTHBIM
OTKJIOHEHHeM. OTO OuYeHb BaXKHAsg BEJIWYMHA JUII KPUBOM HOPMAIBHOTO
pacrnpenenenus. KpuBasg HOpMaiabHOTO pachpenesieHus TOJHOCTBIO 3ajaHa, eCciu
U3BECTHO CpPEIHEE 3HAa4eHUE X, M OTKIOHEHME S. Kpome Toro, mro0oi KUTEIb
ropoza ¢ BEPOATHOCTBIO 68% momazer B Auana3oH pocta X ¢,.+ S, ¢ BEPOATHOCTHIO
95% - B quanasoH X ., £ 2s, U ¢ BEpOATHOCTBIO 99,7% - B nuanason X ., + 3s.
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JIns BBIYMCIEHHs JAPYIMX 3HAYEHUM BEPOSATHOCTH, KOTOpble MOryT Bam
MOHAI00UTHCS, MOKHO BOCIIOJIb30BAThHCS TPUBEIACHHOM TaOIHUIICH:
Tabauna BepOSATHOCTH MONAJAAHUS CJAYYAHHOH BeJIMYUHBbI B OTMEYEHHbIN

(3alITPMXOBAHHBII) JUANIA30H

0,0 50,00 50,00 100,00 0,00
0,1 46,02 53,98 92,04 7,97
0,2 42,07 57,93 84.14 15.85
0,3 38,21 61,79 76.42 23,58
0,4 34.46 65.54 68.92 31,29
0,5 30,85 69,15 61,70 38,30
0,6 27.43 72,57 54.86 45,15
0,7 24.20 75.80 48.40 51,61
0,8 21,19 78,81 42,38 57,63
0,9 18.41 81.59 36.82 63.19
1,0 15,87 84.13 31,74 68.17
11 13,57 86,43 27.14 72,87
1,2 11,51 88,49 23,02 76,99
1,3 9.68 90,32 19.36 80,64
1,4 8,08 91,92 16.16 83,85
1,5 6,68 93,32 13,36 86,64
1,6 548 94,52 10,96 89,04
1,7 4,46 95.54 8,92 91,08
1,8 3,59 96.41 7,18 92.81
1,9 2.87 97,13 5,74 94,25
2,0 2,28 97,72 4,56 95,45
2,1 1,79 98.21 3,58 96,43
2,2 1.39 98.61 2,78 97,22
2,3 1.07 98,93 2,14 97.85
24 0.82 99,18 1.64 98.36
2,5 0.62 99,38 1,24 98.76
2,6 0.47 99.53 0,94 99.07
2,7 0,35 99.65 0,70 29,31
2,8 0.26 99.74 0,52 99.49
2,9 0.19 99.81 0,38 99.63

3,0 0,14 88.86 0,28 99,73



3. Bb10OpKU U 10BepHUTEIbHbIE HHTEPBAJIbI
Ilycte y Hac umeercsi OOJBIIOE KOJUYECTBO MPEIMETOB, C HOPMAJIBHBIM

pacmpesieiecHueM  HEKOTOpPhIX  XapaKTepUCTUK  (Hampumep, TOJHBIMA  CKJIaA
OJIHOTUIIHBIX OBOILIEH, pa3Mep M BEC KOTOPBHIX BapbupyeTcs). Bbl xoTuTe 3HATH
CpellHHE XapaKTEepUCTHKUA BCEW mapTuu ToBapa, HO y Bac HeT HU BpemeHuU, HU
JKEJTaHUsT U3MEPSTh U B3BEIIMBATh KaXIbI OBOII. BbI MOHMMaeTe, 4TO B 3TOM HET
HeoOxoaumoctu. Ho ckoiapko mTyk Hamo ObU10 OBl B3ATh Ha BBIOOPOYHYIO
MIPOBEPKY?

[Ipexxne, deM naTh HECKONBKO TIOJIC3HBIX [JII OTOW cUTyamuu (Hopmys
HaIIOMHHUM HEKOTOpPbIe 0003HAUCHUS.

Bo-niepBbiX, eciii Obl MBI BCe-TaKd MPOMEPUIIM BECh CKJaJl OBOIIEH (ITO
MHOYKECTBO 3JIEMEHTOB Ha3bIBACTCSl T€HEPAIbHON COBOKYITHOCTHIO), TO Mbl Y3HAIH
Obl CO BCEH MOCTYIMHOM HaM TOYHOCTBHIO Cpe/lHEee 3HAYCHUE Beca BCEW MapTHH.
HaszoBeM 510 cpennee 3Ha4€HUE Xcpren. - TEHEPATIBHBIM CPEeAHUM. MBI yXKe 3HaAeM,
YTO HOPMAJILHOE paCIpEeSICHUE OIPEAENSIeTCsl MOTHOCThIO, €CIM H3BECTHO €ro
CpeAHee 3HaYeHHE U OTKJIOHEHHE s . IIpaBaa, moka Mbl HU Xp rey., HU STEHEPAILHOU
COBOKYITHOCTU HE 3HaeM. MbI MOXEM TOJIBKO B35ITh HEKOTOPYIO BBIOOPKY, 3aMEPHUThH
HY)KHbIE HaM 3HAY€HUS W TOCUMUTATH JUIsl DTOM BHIOOPKUM KaK CpeIHEe 3HAUYCHUE
X p.swi6-» TAK U CPEIHEE KBAAPATHUECKOE OTKIIOHEHUE Syy6.

N3BectHO, 4TO e€ciM Halia BBIOOPOYHAsT MPOBEPKA COJEPKUT OOJIbIIOE
KOJIMYECTBO 3JIEeMEHTOB (00buHO n Oonbine 30), U OHM B3STHl JAEHCTBHUTEJHHO
CJAy4YailHbIM 00pa3oM, TO S TEHEPAIbHOM COBOKYMHOCTH TIOYTH HE Oyler
OTJINYATHCA OT Sy

Kpome TOro, mig ciydass HOpPMaJabHOIO pAaCIpPENEICHUS Mbl MOXKEM
M0JIb30BAThCS CIEAYIOIUMHU (POpMyTIaMH:

C BeposiTHOCTBIO 95%

N

C BeposiTHOCTBIO 99%

X =X

D TEH D EETG .

+1,96



)

X opr = Xpms, * 2,58 T
B o6mem Bue ¢ BepositHocThbIo P(t)

o
:H::EPI'EH = chxuﬁ. * tE (1)

CBsi3b 3HaUYEHMS t CO 3HAaUEHHEM BepOATHOCTH P(t), ¢ KOTOpOIl MBI XOTUM 3HATh

I[OBepI/ITCJII)HHﬁ HHTCPBAJI, MOKHO B3ATH U3 CJIGI[YI-OHICﬁ Ta6JII/IHI>I:

P(t} 0,683 (14340 (54 JREH (r.ouy

t 1.0 1.5 2.00 258 3.00

Takum oOpa3oM, Mbl ONpEACIIUIN, B KAKOM JUANa30HE HAXOJUTCS CpeaHee
3HAUCHHUE /I TeHEepaIbHOW COBOKYMHOCTH (C JaHHOW BeposiTHOCTHIO). Ecim y Hac
HET JOCTAaTOYHO OOJBIION BBIOOPKU, MBI HE MOXEM YTBEPKAaTh, YTO IeHEpabHas
COBOKYITHOCTb UMEET S = S;;;6. Kpome Toro, B 3TOM ciiyuyae mpodiemMaTuyHa 0JIM30CTh
BBIOOPKH K HOPMAJIbBHOMY paclpeiefieHui0. B 3ToM ciiydae Takke MOJB3YIOTCA Sy

BMECTO S B (hopMmyiie:

X =X

cp.TeH Cp.BBIG,

Tt

2
:W‘ Qa

HO 3HadyeHue t misg ¢GUKCUpoBaHHOM BeposTHOCTH P(t) Oymer 3aBHCETH OT
KOJIMYECTBA 3JIEMEHTOB B BBIOOpKE n. YeM Ooibiie n, TeM OJmxke OyJeT NoJIy4eHHbIN
JIOBEPUTENIbHBIA HWHTEpBald K 3HA4YCHUIO, JaBaemMoMy dopmymnoit (1). 3Hauenus t B
ATOM ciiydae OepyTcs u3 Jpyrod Tadmuipl (t-kpurepuii CThIOIEHTa), KOTOPYIO MBI

IIPUBOAUM HHUIKC:



3navenus t-kpurepusi Ctorogenta s BeposatHoctu 0,95 u 0,99

P P
n n

095 | 0,99 0,95 | 0,99
2 12,71 | 63,66 18 2.11 2.90
3 430 | 993 19 2,10 2,88
4 3,18 5,84 20 2,093 | 2,861
5 278 | 4,60 25 2,064 | 2,797
6 2,57 | 4,03 30 2,045 | 2,756
7 2,45 3,71 35 2,032 | 2,720
8 237 | 3,50 40 2022 | 2,708
9 2,31 3,36 45 2,016 | 2,692
10 226 | 325 50 2,000 | 2,679
1 2,23 3,17 60 2,001 | 2,662
12 2,20 | 3,11 70 1,996 | 2,649
13 2,18 3,06 80 1,991 | 2,640
14 2,16 3,01 90 1.987 | 2.633
5 2,15 2,98 100 | 1.984 | 2,627
16 2,13 2,95 120 | 1.980 | 2,617
17 2,12 | 292 o 1,960 | 2,576




IIpumep 3. U3 pabGotHukoB (upMBl ciydailHBIM o00pazom oToOpano 30
yenoBek. [lo BRIOOpKE OKazaiockh, 4TO CpemHss 3apruiata (B mecsir) coctaiseT 10
ThIC. pyOJiel mNpuU CpeaHEM KBaAPaTUYECKOM OTKIOHeHMH 3 Thic. pyOnei. C
BeposATHOCTHIO (0,99 onpenenuTs CpeIHIOI0 3apIuiaTy B pupmMe.

Pewenue: Tlo ycnosuro umeem n = 30, X, =10000, S=3000, P = 0,99. [lns
HAXOXJECHUS JIOBEPUTEIILHOTO MHTEpBaja BOCIIOJIb3yeMCSI dbopmyIoit,
cooTBeTcTBYIOMmEH Kputeputo Ctwiogenta. [lo tabmmme mus n = 30 mw P = 0,99
HaxoauM t=2,756, clie1oBaTEILHO,

20000 - 2,756 2000 CE pra 30000+ 2756 2000

30 A30

T.€. UCKOMBI JOBEpUTENbHBIA uHTepBan 27484 < X, < 32516. Hrak,
BEepOSATHOCTHIO 0,99 MOXKHO YTBEpKIaTh, 4TO MHTEpBaN (27484; 32516) comepkur
BHYTpH ceOsi cpenHiol 3apruiaTy B ¢upme. Mbl Hageemcs, yto Bwl Oymere
MOJIb30BATHCSL 3TUM METOJIOM, MPH 3TOM HE 00s3aTeNbHO, YTOOBI Tipu Bac kaxabii
pa3 Obu1a Tabnuua. [oacuersl MoxkHO poBOAUTH B Excel aBToMaTnuecku.

Haxonscy B ¢aiine Excel, HaxkmuTe B BepxHEeM MeEHIO KHONKY fX. 3arem,
BbIOEpUTE cpear PYHKUMH TUN "cTaTUCTUYECKHE", U U3 MPEAJIOKEHHOTO MEePEeYHs B
okomke - CTBKOIPACIIOBP. 3atem, mo mojcka3ke, MOCTaBHMB Kypcop B IOJie
"BeposITHOCTH" HaOepuTe 3HAUYCHHE OOpATHOW BEPOATHOCTH (T.€. B HAIIEM Ciy4yae
BMecTO BeposiTHOCTH 0,95 Hazmo Habupath BeposaTHOCTh 0,05). Bungumo, 35ekTpoHHas
Tabnuila CcoCTaBjeHa TaK, 4YTO pE3yJbTaT OTBEYaeT Ha BOMPOC, C KaKOM
BEPOSTHOCTHIO MBI MOKEM OIIUOUTHCS. AHAJIOTUYHO B ToJie "CTerneHb CBOOOBI"

BBeIMTE 3HaUeHHE (n-1) A1 cBOel BHIOOPKH.



4. IlenTpanbHas npeaebHas Teopema. CucreMaTu4ecKue U3MEeHEeHUs UJIN
CJIyYallHOCTh

Mpui yorce 3naem, umo HopmanvHoe pacnpeoeienue - ocooennoe. Hexomopuie
€20 CBOUCMBA Mbl CMOJCEM UCNONb306AMb U 08 pacnpedenenuii, Komopbie,
CMpo20 2080psl, HOPMATLHLIMU HE HA306€Wb. 3a0aya, KOmopyio Mbl paccCMOmpum
8 IMOM paszoesie umeem 4pe3sbluatiHo 8adiCHOe 3HaueHue 0 busHeca, 3mo 3aoadd
0 OUA2HOCMUPOBAHUY MEHOCHYUN K USMEHEHUIO NOKa3ameell.

Y100cTBO HMCHOJB30BaHUE HOPMAIBHOTO PACHpPENENICHUs HEKOTOPBIX
CIIy4allHbIX BEJIMYMH U O0COOBIE BO3MOKHOCTH, KOTOpBIE 3aKOH HOPMAaJIbHOTO
pacrpeneneHus NpeaoCTaBIsIeT UCCIIEI0BATEIO, IIOPOAWIH Pl TEOPEM, KOTOPHIE
MTO3BOJIAKOT  IMOJB30BaThCA JTUMH CBOWCTBAMM JaXe, €CIM TeHepalbHas
COBOKYITHOCTb MpEJCTaBIsIeT cOOOM "HE BIIOJIHE HOpMalbHOE pacrpejaeseHue".
LenTpanbHasi npeaeJbHasi TeOpeMa MMEET HECKOJIbKO (POPMYIHPOBOK, MbI HE
OyAeM uX 3[eCh IMOJHOCTHbIO MPHUBOJUTH M JOKa3bIBaTh. JlJI1 HAacC BaXKHO 3HATh
TOJILKO TO, YTO B OOJIBLIIMHCTBE CIy4yaeB CpelHee apu(PMETUYECKOE BBIOOPKH,
B3STOM M3 TEHEPAJbHOM COBOKYMHOCTH (HAallOMHHUM, 4YTO 3TO CpEIHEe
apumMeTnyeckoe - TOXKE clydyailHas BEJIIMYMHA), JIOXKUTCA Ha HOPMAaJIbHOE
pacrpeneneHue ropasfo JIydlle, 4e€M MCXOJHas TEeHEPAbHAs COBOKYITHOCTD.
Jpyrumu cioBamH, €ciid Mbl BO3bMEM HECKOJBKO BBIOOPOK W3 TE€HEpalbHOU
COBOKYITHOCTH, TO CpeaHUE apu(METUUYECKHE BEIMYMHBI ITHX BBIOOPOK OymyT
MPEACTABIATh COO0I HOBYIO CIy4YalHYIO BEJIMYMHY C MPAKTHUYECKHM HOPMAJIbHBIM
pacnpeneneHueM. VIMEHHO 3Ta TeopeMa M TO3BOJMT HaM IIPOBEPATH TaK
Ha3bIBAEMbIE CTATHUCTHUYECKHUE THUIIOTE3bl, T.€. JAENATh 3aKIOYEHHE O HaJIW4YUU
TEHJEHUMU K HU3MEHEHHUIO TOKazaresied NeATebHOCTH, KOTOpbhle caMu Mo cede,
SBJISSACH CITy4alHBIMU BEJIMYMHAMM, HUMEIOT IIPABO HAa HEKOTOPBII pazopoc.

Ipumep. ®upma nomectuna HHGOPMALIMIO O CBOCH NPOAYKIMU B KaTaJlore.
bbul ykazan oAauH M3 JABYX HOMEpOB TejedoHa OTAeNa MpoAaX, Ha KOTOPHIA U
paHbpllIe TOCTYNAJIM 3BOHKM IOTEHUMAJIBHBIX IOKynarenen. J[Ipyrom Homep
TernedoHa B KaTajore He yNMOMHMHAJCA. 3a JBa Mecsla J0 BbIXOAa KaTtajora U B

TCUCHUC ABYX MCCIAILCB ITOCJIC OBLIO 3apCTUCTPHUPOBAHO CICAYIOHICC KOJIUYCCTBO



3BOHKOB Ha 3Tu TenedoHsl (aBa cronbna B Tabmwie). Kak HaM ompenenuts,
nojieicTBOBayIa i MHGOpMAIHs, JaHHAS B KaTajlore, WJIM Mbl UMEEM JIeJI0 CO

CﬂyqaﬁHBIM OJKHUBJICHUECM HA PBIHKC, 4 ICHBI'M Ha PCKIIAMY ITIOTPAYCHBI HaHpaCHO?

AT cpaBHCHNA
To peraayi Moene peknays CHIMTHE MU eI HI
’ ' o {ome 13 IaCHI RO 112
Te e on Hi K THInIa}
Tenedon ur waa ma 2l A3 s W
Apyroil Teaedion 142 |30 1803
Beers 354 455 {455)

[Tocnennuii cronbern; B TaOJIUIE - OXKHUJIA€Mble BEIMYMUHBI. DTO HAaIIH
OIICHKH, CJEJIaHHbIC U3 MPEIOJI0KEHHS, YTO HUYEr0 HE M3MEHWIOCh, U peKIama
HE OKa3aJla HUKAKOTO JICUCTBUS, T.€. MPOU3OILIO O0Iee OKUBJICHUE HA PBIHKE U
00JIbllIe HUYETO, a MPOMOPIUU MEXKAY YUCIOM 3BOHKOB Ha 00a TeiaedoHa T0IKHBI
COXpaHUTHhCS B TOYHOCTH. {Okumaemass BelIUYMHA [JJs1 TenedoHa U3
karanora}=4551216/358=274,5 {Oxunaemass  BeIMYMHA Il JIPYroro
tenedona}=4551r142/358=180,5. Hame npeanosoxxeHue, 0 ToOM, 4YTO pekjiamMa He
OKa3zaja HUKAaKOrO BO3JCHCTBME Ha U3MEHEHHUE YHCIa TMOKYIMaTele, HOCUT
Ha3BaHWE HYJIEBOMl TUNOTe3bl. AJIbTEPHATHUBHASI THUIOTE3a 3aKIIIOYAcTCsS B
MPEANOJIOKEHUH O HaJIMYMW Takoro BiusHUS. Hamia 3amada - BbIOpath Oosiee
JOCTOBEPHYI0 M3 JBYX JTHX THUMNOTE3. UTOOBI OIEHUTH, HACKOJBKO 3HAYMMBI
OTKJIOHEHHUS PEabHOW CUTYaIlMH OT OKUJAHUS MO0 HYJIEBOWM TUmOTe3e, IJisi 000uX

Teﬂe(l)OHOB MbI JOJIDKHBI ITIOCUYUTATh BCIIMYHHY:

,  (IMomydenHoe 3HaueHune — OKuIaeMas BeJndeHa )’

Oxxunaemas BeJImyeHa

MOCTaBUTh UX B TAOJIUILY U IPOCYMMHPOBATb.

Hoeae CLe epannenng

Lo pek. stk ERILTAEMISH KETITIHHL ¥
. s ;
PER-1aMEL LEE e gt 313 AL A01H)
Teaedion ma RE1 10010 Ih S0 IT4N 33K

L

pyooii e edon 142 150 1805 A0

Bevio 358 455 {+55) 553




JlanpHeWIe HamuM JOEUCTBUSA - ONPEACIUTb, C KAKOM BEPOATHOCTBIO

IIOCUUTAHHBIC OTKJIIOHEHUS "JI0KATCS" Ha COOTBETCTBYIOLIYIO KPUBYIO. [l Takon
2

OLIEHKM MO’KHO BOCIOJIb30BaThCSl 3HAUEHUSMU TaK Ha3bIBAEMOTo X -KpUTEpus

[Tupcona. OOBIYHO TH 3HAYCHMSI 33JAI0TCS B BUJE CTAHAAPTHBIX TaOIUI] B KHUTAX

10 CTaTUCTUKE. J[aguM U MBI Takyro Tabauny () - rpedeckas Oyksa "xu"):

d.f, F

0,99 | 095 | 090 | 0,10 0,05 0,01
| 0.0002 | 0,004 | 002 | 271 384 6,64
2 0,02 | 010 | 021 | 461 5,99 9,21
3 012 | 035 | 038 | 625 782 | 1134
4 030 | 071 | 106 | 778 949 1328
5 055 | 105 | 161 | 924 | 1107 | 1509
6 087 | 164 | 220 | 1065 | 1259 | 1681
7 124 | 217 | 283 | 12,02 | 1406 | 1848
8 1,65 | 273 | 349 | 1336 | 1551 | 2000

9 209 | 333 | 417 | 1468 | 1692 | 2167
10 256 | 394 | 487 | 1599 | 1831 | 2321
11 3,05 | 4.58 58 | 1728 | 1968 | 2472
12 357 | 323 | 630 | 1855 | 201,03 | 2622
13 211 | 589 | 7.04 | 1981 | 2236 | 27.68
14 466 | 637 | 779 | 2106 | 2369 | 29.14
23 | 726 | 855 | 2231 | 2500 | 3038

81 | 796 | 931 | 23354 | 2630 | 32,00
17 641 | 867 | 1009 | 2477 | 2759 | 3341
18 702 | 939 | 1086 | 2599 | 2887 | 3481
19 7,63 [ 10,012 | 11,65 | 2720 | 30,14 | 36,19
20 826 | 1085 | 1244 | 2841 | 3141 | 37,57
21 890 | 1L59 | 1324 | 2062 | 3267 | 3893

N

22 954 | 1234 | 14.04 | 3081 3392 | 4020
23 1020 | 13.09 | 1485 | 32,01 35,17 | 4164
24 1086 | 13.85 | 1566 | 3319 | 3642 | 43.9%

23 11,52 14.61 | 1647 3438 37,65 44,31
26 12,2 1537 | 1729 | 3556 38,89 45,64
27 12,88 e 15 | 1811 36,74 40,11 46,96
28 13,56 16,93 | 1894 | 3792 41,34 48,28
29 14.26 17.71 | 1977 39,09 42,56 49,50
30 14,95 1849 | 20,60 | 4026 43,77 30.89
40 22,16 | 26,51 | 26,05 51,81 55,76 63,69
50 2971 3476 | 3709 | 6317 67,51 76,135
100 7007 7793 | 8236 | 11R50 | 12434 | 13531




Tenepp HECKOJBKO CIOB O TOM, KaK MOJIb30BaThCS 3TOM Tabmuieil. BykBol
d.f. o3HauyaroT 4YKnca0 cremeHeir ¢Bo0OABI. YTOOB! ITOCYMTATHh CTEIEHU CBOOOIbI
HYKHO MPOCTO OpaTh B TAOJMUIE C UCXOJHBIMU JAHHBIMHU KOJMYECTBO CTPOK N U
CTOJIOIOB M, W mocuuTarh BeaumuumHy (N-1)-(m-1). D10 u OymeT KOJUYEeCTBO
cTeneHeil cBoOOAbl B KaXKJOM KOHKPETHOM ciyyae. [IpaBma, CTpPOKM U CTOJIOIBI
OepyTcs TOJMBKO JJIsl CAMUX MCXOJHBIX JAaHHBIX, HU CTPOKAa CYMMUPOBaHUS (BCEro),
HU CTOJIOCI] MOJICYEeTa OKUAACMBIX BEJIMYHUH MPU OMPEACICHAHN CTCTICHH CBOOOIBI
He yunThiBaeTcs. B Hamem ciaygae d.f.=(2-1)-(2-1)=1, 310 03HauaeT, YTO CTEIECHb
CBOOOIBI pAaBHA COMHMIE, M B TAOOHIE y° MBI MODKHBI IOIB30BATHCS
COOTBETCTBYIOIICH CTpokoi (BepxHel). Temepb o cTONOIAX HSTOM TaOJHUIIBL.
Hudpsr 0,99; 0,95; u T.4. 03HAYAIOT, YTO BEIMYMHBI OTKJIOHEHUN )(2, CTOSIIIME B
ATUX CTOJIONAX ¢ BeposiTHOCTHIO 0,99; 0,95; 1 T.4. BO3HUKIM ciiydaiiHo. B Hamem
MpUMepe, BEPOSTHOCTh CIYYAHHOIO MPOUCXOKICHHUS OTKIOHEHUS COCTABIISET
menee 0,01 (T.e. MmeHbIIIe OJTHOTO I1aHca u3 cTa!). Mbl BIOJIHE MOKEM CUUTATh, YTO
peKIama okasana BoszeiicTue. OOpaTHTe BHUMAHKE, YTO KPUTEPHil X He TOBOPHT
KaTErOPUYECKH, UYTO CIYYalHOCTh TYT HEBO3MOXKHA, IMPOCTO BEPOSITHOCTH 3TOTO
O4YeHb Mayia. J[pyruMu cjlOBaMH, €CIM Mbl OTOPOCHMM HYJIEBYIO THUIIOTE3Y U
BBIOEpEM AaJIbTEPHATUBHYIO, TO BEPOSITHOCTh OIIMOKKM OyIeT MEHbBIIE OJHOTO
MPOIIEHTA.

Ecnu Bei Oyaere monbs30BaThCs STUM METOJAOM, COBCEM HE HYXKHO CUUTATh
KaX/Iblii pa3 BPY4YHYIO Bce OTKJIOHEHHWs. [lojcueTsl MoXkHO mpoBoauTh B EXcel
aBToMarnuecku. CHayaa 3anuilinTe U3BeCcTHbIe Bam mokaszaTenu B BUje TaOJIUIIBIL.
3areMm nocuntaiite B Excel cronber oxxugaeMbIx BeanunH. Ilociie 3Toro HaxxMuTe
B BepxHeM MeHI KkHomky fy. 3arem, BbIOepuTe cpeau GyHKUUNA —THIT
"cratuctuueckue", U U3 npeoxeHHoro nepeuns B okomke - XU2TECT. 3arewm,
M0 TMOJCKa3Ke, MOCTaBUB Kypcop B Mojie "0XKHUAaeMblil HMHTEpBaI" BbIJIECIUTE
MBIIIBIO CTOJIOCI 0’KUJIAEMBIX 3HaYEHUI (HO HE 3aXBaTbIBAaliTe CYMMYy B HIKHEH
CTpOKe). AHAJOrM4YHO B Toje "(aKTUYECKUM HHTEpBal' BBEAUTE MACCUB U3
CTOJIOMKa (DaKTUYECKUX JAHHBIX TOcie pekiambl. [Iporpamma cama mocuuTaer

IPAaHUYHYI0 BEPOSITHOCTh TOTO, YTO OTKJIOHEHHE ObLIO ciiydaiiHbIM. Tak B Haliem



BapHaHTe 0oJiee TOYHOE 3HAYCHHE BEPOSITHOCTH cocTtaniseT npumepHo 0,0035. B
TaGIIMIE MBI TTOMAIN 110 3HAYEHHIOX MEKLY CTONOIAMH H MOCYHTATH BEPOSTHOCTD
C TakoOil TOYHOCTBbIO HE cMOriaM. Bumumo ans toro, 4roOsl Bbl mpuBbIKIM
M0JIb30BAThHCS MOJOOHBIMHU OLIEHKAMH, UMEET CMBICI 00OCYIUThH BOIIPOC O "CTENEeHU
cBoOobI". UTO 3TO Takoe M Kakue CTENEeHU CBOOOIBI BOOOIIE MOTYT OBITh?
[ToHSATHO, YTO OLIEHKa 3HAYMMOCTH MPOUCXOISAIINX HU3MEHEHUU MOXKET
IPOUCXOJUTh TOJBKO MPH HAIMYMM JIAHHBIX, KaK IOJYYEHHBIX [pHU
TMIIOTETUYECKOM BO3JCHCTBUM 3TUX U3MEHEHUH, TaK U CBOOOJHBIX OT U3MEHEHUH.
B kauecTBe 3aBeIOMO HE MOABEPKEHHBIX U3MEHEHHUSM JJAaHHBIX B HaIllEM IpUMEpe
BBICTYIIAJIM TTOKA3aHUsI YK CJIa 3BOHKOB Ha 00a TesnedoHa 0 myOauKauy KaTajora.
Kpome Toro, anst JONMONHUTENBHOM OOBEKTUBHOCTH JIAHHBIX, Mbl HCIIOJIb30BAJIU
OJIMH TeNeQOH KaK HEU3BECTHBIM B peKiIaMe. DTO MO3BOJMIO HAM HCKIIIOYHTH
BO3MO)KHOE€ BJIMSIHUE CE30HHBIX M3MEHEHMH CcIpoca WU JApYyrue IMoJ00HbIe
¢dakropbl. B nmpyrux cutyanusx, Mbl MO>KEM CpPaBHUBATh JIMHAMHUKY CIpOca Ha
OJIMH TOBAp ¢ IMHAMUKOM CHpOca Ha JIPYroil, €CM UIET LIeJIeBasi PACKPyTKa 3TOr0
TOBapa, WIN e TOBAP BXOAUT B Moay. W B 3TOM cuTyannu cBOMCTBAa HOPMAJIbHOIO
pacnpeneneHuss MOMOTYT HaM cJeiaTh BBIBOJ O 3HAYMMOCTU MPOUCXOASIINX
u3meHenuit. Ilociae storo pazgena Bam HyxkHO OyneT BBINIOJHUTH TPETHE

IIMCBbMCHHOC 3a1aHUC.
3AJJAHUE

B oaHoit 1 TO ke TOProBoi najnaTke, 4epeaysch Mo Henesne, padoTaroT JABa
pa3Hbix npojasna (A u B). Tabiauna co 3HaUeHUSIMU HEJIETLHON BBIPYUYKH (B THIC.

py0.) IpUBOIUTCS 3a 8 MOCICTHUX HEICHb.

Heaean 1 2 3 4 5 0 T 5
Hpodusen A 9 a3 80 a4
ITpooaeen B 132 @1 102 H/A

OTBeTbTe, MOkKANYIHCTA, HA CJIeAYIOLIHe BONPOCHI:
1. Kakoii npoaasen padoraJ Jiy4yie ¢ TOYKH 3pEHUs] CYMMAPHO# BbIpY4YKH?
2. M0:KHO J1M YTBEPKAATh, YTO 3TO OTKJIOHEHHE ObLJI0 CAyYalHbIM?

3. C kakoii 10CTOBEPHOCTHIO caejiaHo Bamie yrBep:xxaeHue?



S. BBenenue B KoppeasiiuOHHbIN aHAIM3. OCHOBBI PerpecCHOHHOIO AHAIU3A

CBs3b, KOTOpas CyLIECTBYET MEXAY CIyYalHbBIMHU BEJIMYMHAMU Pa3HOU
IPUPOJIbI, HAMIPUMEP, MEXKIY BETUYMHON X M BEIWYMHOW Y, HE 00s3aTENBbHO
SBIIICTCSL CJIEACTBHEM HPSIMOM 3aBUCUMOCTH OJHOW BEIMYMHBI OT APYroil (Tak
Ha3bIBacMas (YyHKIMOHAJbHAs CBS3b). B HEKOTOPBIX ciydasx o00€ BEIMYUHBI
3aBHUCST OT LIEJI0M COBOKYIMHOCTH Pa3HbIX (DaKTOPOB, OOLIUX It 00EUX BEIUYUH, B
pe3ysbraTe 4ero U (opMHUPYETCsl CBSI3aHHBIE JAPYr C JAPYrOM 3aKOHOMEPHOCTH.
Korma cBA3p MeXIy CIy4ailHBIMM BEIMYMHAMH OOHApYKE€HA C IOMOIIBIO
CTATUCTUKHM, MBI HE MOXEM yTBEpX,AaTb, YTO OOHAPYXWIH NPUUUHY
IIPOUCXOMSIIETO M3MEHEHMS I1apaMeTpoOB, CKOpPEE MBI JIMIIb YBUACIH JBa
B3aMMOCBSI3aHHBIX cleACTBUsA. Hampumep, neTu, KOTOpbIE Hallle CMOTPAT IO
TEJIEBU30py aMEpUKaHCKUE OOEBHMKH, MEHbIE 4YUTaIOT. JleTh, KoTopble OOJblle
YUTAIOT, JIydllle y4darcsd. He Tak-To mpocTo pemmuTh, A€ TYT NPUYUHBI, a TIE
CJIEJICTBHSI, HO 3TO M HE SIBJISETCS 3aAadeld cTaTUCTUKU. CTaTUCTHKA MOKET JIMIIb,
BBIIBUHYB TUIIOTE3y O HAJIWYMM CBA3M, MOJAKpenuTh ee uuppamu. Ecnu cBs3b
JEUCTBUTEIILHO MMEETCS, TOBOPST, YTO MEXAY JIBYMS CIyYalHBIMU BEIMYMHAMU
ecTb Koppessuus. Eciii yBelnueHue OJHOW CIy4allHOM BEJIWYMHBI CBS3aHO C
YBEIIMYEHUEM BTOPOM CIIy4YalHOM BEJIWYMHBI, KOPPEISALHNS HA3bIBACTCS MPSMOU.
Hampumep, KOIMYECTBO NPOYMTAHHBIX CTPAHUIl 3a TOA M CpeAHuil Oam
(ycneBaemocTb). Eciii, HanpoTHB pOCT OJJHOW BEJIMYMHBI CBA3aHO C YMEHBIIEHUEM
Jpyrou, roBopsT o0 oOpaTHOU Koppessiiuu. Hanpumep, KoIM4ecTBO OOCBUKOB U
KOJIMYECTBO NMPOYUTAHHBIX CTpaHUL. B3anMHas CBS3b JABYX CIydaillHBIX BEJIMYUH
Ha3bIBAETCS KOPPEIILMEH, KOPPESLMOHHBIM aHaau3 IO3BOJLIET ONPENEIUTh
HaJIMYue TaKOW CBSI3M, OLIEHUTh, HACKOJIBKO TECHA U CYIIECTBEHHA 3Ta CBSA3b. Bee
3TO BBIPAXKAETCS KOJMYECTBEHHO. Kak ONpenennTh, €CTh JIM KOPPEIAUUs MEXKIY
BenuurMHamMu? B OOJIBIIMHCTBE ClydyaeB, 3TO MOXHO YBHUAETh Ha OOBIYHOM
rpaduke. Hanpumep, mo kaxaoMy peOeHKYy M3 Hailed BBIOOPKH MOKHO
OTIPEICTUTh BEIMYMHY X (YUCII0 cTpaHull) U Y (cpeaHuit 6aut roloBoil OIICHKN),
W 3amucarh 3TU JaHHble B BUje Tabuuibl. [loctpouts ocu X u Y, a 3aTeM HaHECTH

Ha TpaduK BeChb pAN TOUYEK TaKUM OOpa3oM, 4yTOOBI KaXKjaash W3 HHUX HMena



ompeeNieHHyt0 mapy koopawHat (X, Y;) u3 Hamieid tabnumpl. [IoCcKOIbKY MBI B
JJAHHOM CJIy4ae 3aTpyAHsIEMCs OMpPEAEINTh, YTO MOKHO CUUTATh MPUUYUHOM, a YTO

CJIICACTBUCM, HC Ba’KHO, KaKas OCb 6y,ZICT BGpTHKaHLHOﬁ, a KaKkasa FOpHSOHTaHLHOﬁ.
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Eciu rpaduk wumeer Bua a), TO OSTO TOBOPUT O HAIAYUU TPSIMOU
KOppeNsiiuu, B Ciydae, €CJIM OH HuMeeT BuUJI 0) - KOppensiuss oOpaTHas.
OTCyTCTBHE KOPPENSAIUUA TOXKE MOXKHO MPHUOIMZUTENHHO OMPENCITUTh IO BUIY

rpaduka - 3T0 ciyyaii B).



C nomormipio kKodhPuUIEeHTa KOPPENIIIUA MOKHO IOCYUTATh HACKOJIBKO
TECHas CBSI3b CYIIECTBYET MEXIY BEITMUYNHAMMU.

[TycTh, cymIecTBYeT KOppETSAIUs MEXAy IIEHOM W CIPOCOM Ha TOBap.
KonmdecTBO KyIJICHHBIX €AWHHI] TOBapa B 3aBHCHMOCTH OT IIEHBI Yy Pa3HBIX

MIPOJIABIIOB MTOKa3aHO B TaOJIUIIE:

1enn. pyi. I3 140} I3 130 12101

e e
AN

164 W3 Ny 156 14

Bumno, uto MBI uMeeM mgeno ¢ oOpatHoW koppemsiuein. s

KOJIMYECTBEHHOMN OLOCHKH TCCHOTBI CBA3U UCIIOJIBb3YIOT KOB(b(l)I/II_[I/IeHT KOppCIIALIUN:

i{}{i - Xep (T — Yep.)
i1

\ (3 - ch.}ﬂi{*ﬂ - Yep)?
1=l

i1

Koadpdumment r mb1 cuutaeM B Excel, ¢ momombsio ¢yHknuu fy, maiee
cratuctuueckue Qynkuun, ¢Gynkuus KOPPEJL. ITlo mnoxackaske mnporpamMMbl
BBOJIMM MBIIIIBIO B JIBA COOTBETCTBYIOIIUX TMOJIS JBa pa3HbiX maccuBa (X u Y). B
HarieM ciaydae kodhuimeHT koppensiuuu noixyuyuics = - 0,988. Hago otMeTuTs,
yto yem Ommxe K 0 koadduimeHT koppensuuu, Tem ciadee CBS3b MEXAY
BenuunHamMu. Hawmboiniee TecHast CBSI3b MPU MPSMON KOPPENSIIMA COOTBETCTBYET
kodhummenty r, 6muskomy k +1. B Hamem ciydae, koppensius oOpatHasi, HO
TOXKE OYEHb TecHas, U Kod(pduuueHT Onm3ok K -1. YTo MOXKHO cKazaTb O
CIIy4allHBIX BEJIMYMHAX, Y KOTOPHIX KOI(PPHUIIMEHT HMEET MPOMEKYTOUHOE
3HaueHue? Hanpumep, ecnu 661 Mbl ostyumin 1=0,65. B aTom ciydae, cTaTucTUka
MO3BOJIAET CKa3aTh, YTO ABE CIy4YallHbI€ BEJIIMYMHBI YACTUYHO CBS3aHBI JIPYT C
npyroM. Ckaxkem Ha 65% BIMAHNE Ha KOJIMYECTBO MOKYIOK OKa3biBaja I€Ha, a Ha
35% - apyrue oOctositenbcTBa. M eme ogHO BakHOE OOCTOSITEILCTBO HAJIO
ynoMsiHyTb. [lOCKOJIbBKY MBI TOBOPUM O CIIy4allHbIX BEJIMYMHAaX, BCEr/a
CYIIECTBYET BEPOSITHOCTh, UTO 3aMEUE€HHas HaMHU CBsI3b - CIIy4yaiHOE

o0cToATeNnbCcTBO. [IpruemM BeposITHOCTh HAWTH CBSI3b TaM, IIE €€ HET, 0COOEHHO



BEJIMKa TOT/a, KOTJa TOYeK B BHIOOpKE Majo, a MpHu oleHke Bbl He mocTtpounu
rpaguk, a MPOCTO TOCUUTATM 3HAUYCHHE KOIP(DUIIMEHTa KOPPESAIUU Ha
KoMmmbloTepe. Tak, eciau Mbl OCTaBUM BCETO JIBE pa3Hble TOYKU B JIIOOOM
IPOM3BOJIBHON BBIOOpKE, KO3 PUIMEHT Koppenauuu Oynet paBeH wiu +1 wim -1.
M3 mKONIBbHOTO Kypca T€OMETPHH MBI 3HAeM, 4TO 4Yepe3 JBEe TOYKU MOKHO BCETa
NPOBECTU NPAMYIO JTUHHIO. [IJI1 OLIEHKHM CTaTUCTHYECKOW IOCTOBEPHOCTH (hakTa
oOHapy)XeHHOM Bamu CBSI3M TONIE3HO HCIMONB30BaTh TaK HA3bIBAEMYIO
KOPPEISIUOHHYIO MOTIPABKY:

_1- r?

n-—1

=

I

CBs3b HEJIB3S CUMTATh cnyqaﬁﬂoﬁ, CCJIN:

B T0 Bpems kak 3ajaya KOPPEISAIUOHHOIO aHAJIN3a - YCTAHOBUTD, SIBIIIFOTCS
JY JIAHHBIE CIIy4alHbIE BEJIWYMHBI B3aWMOCBS3aHHBIMHU, LEIb PErPECCUOHHOIO
aHajau3a - OIMCATh ATy CBS3b AHAIMTHUYECKOM 3aBHUCUMOCTBIO, T.€. C MOMOIIBIO
ypaBHEHMS. MBI pacCMOTPUM CaMblii HECIOXKHBIM CIlydal, KOT/Aa CBSI3b MEXKIY
TOYKaMU Ha Tpaduke MOXeT ObITh MpeAcTaBieHa MPsSMON JTUHUEH. YpaBHEHUE
sTOM npsiMol uauK Y=aX+b, rae a=Ycp.-bXcp.,

i(l’i = Hep (Y1 — Yep )
h = i=l

Il
> (% - Xep.)?
i-1
3Has ypaBHEHHE MPSMOM, Mbl MOXKEM HaXOJUTh 3HaUeHUE (QYHKIHMH 110 3HAYEHUIO
apryMeHTa B T€X TOYKaX, IJIe 3HA4€HUE X U3BECTHO, a Y - HET. ITHU OLIEHKU
6I>IBa}OT OUCHBb Hy>I(HLI, HO OHH OOJIKHBI MCIIOJIB30BATHCA OCTOPOIKHO, OCO6€HHO,
€CJIA CBA3b MC)Kle BCIIMUMHAMHU HC CIIMIIIKOM TCCHasd. OTMCTI/IM TaKXXC, 4TO U3

corocraiieHus Gopmyn 1yt b u r BUIHO, 9TO KOADGUIIMEHT HE JaeT 3HAYCHUE

HaKJIOHa HpHMOﬁ, a JIMIIb ITI0Ka3bIBACT CaM (baKT HaJIn4us CBA3U.



CraTtucruuyeckasi 00padoTKa IKCIEPUMEHTAJIBbHBIX JAHHBIX

1. Ilpeosapumenvnas mamemamuueckas 00padbomKka Cmamucmudeckux
OaHHBIX
[Tocne momydeHus: pe3ynbTATOB SKCIEPUMEHTA IS JAJIBHEHIIEro Hux
aHajJu3a MPOBOJAMUTCS YIOPSIAOUCHHE JAHHBIX, X TpapuyecKoe MpeacTaBiICHUE U
pacyeT OCHOBHBIX YHMCIIOBBIX XapaKTEPUCTHUK.
HaGnrogaembie  3HaueHHMs  WCClAeAyeMoro Tmpuw3Haka X — HaA3bIBAIOT

BapUaHTaMU M O0O3HAYAIOT X, Xp,..., Xk, YHCIA WX HAOIIOACHUN Ha3BIBAIOT
4acTOTaMHd M 0003HAYaIoT Ny, Ny, ..., N. OOIIee dyuciao HAOMIOACHHMIT Ha3BIBAIOT

00BbEMOM BBIOOPKH M 0003HAUaOT N, N = Ny + Ny + ... + N.
[TocenoBaTeNbHOCT, BapUaHT, 3aMMCAHHBIX B BO3PACTAIOIIEM MOPAJIKE,
Ha3bIBAETCA BapUALMOHHBIM psaAnoM. K XapaKTepUCTMKaM BapUAIMOHHOTO psaa
OTHOCSATCS:
1)  Pa3smax BappupoBaHHS R — 3TO pa3sHOCTb MEXAY HAHOOJBIIAM Xya H
HAaUMEHBIIAM Xpin 3HAYCHHSIMH, R = Xmax — Xmin
2)  Mona Mo — 370 BapuaHTa, HMEIOIIAs HANOOJIBIIYIO YaCTOTY;
3) Menuana Me — 310 BapuaHTa, Aeisilas BApUALMOHHBIN PsAJI IIOM0JIAM 110
YHCITy BAPUAHT.
CraTucTUYeCKUM pacrpeeICHueM BHIOOPKH Ha3bIBAIOT MHOXKECTBO
BApUAHT U COOTBETCTBYIOIIUX UM 4acTOT. OOBIYHO CTATUCTUYECKOE pacipee-

JIeHUE BBIOOPKHU MPEACTABIISIOT B BUJIE TAOJIUIIBI:

Xi| Xp | Xo | ... | Xk

Ni | Ng| Ny |...[ Nk

JMnupuveckoii (QyHKIUell pacnpeneeHUsi Ha3bIBACTCA  YHUCIIOBas
byHKIHS F*(X), OTIPENIEISIFOIAsl OTHOCUTENIBHYIO 4acToTy coObiTusi X < X. OHa

BBIYUCTIsIETCS 10 popMmyIie:



Fr(x)=2, (1)

rae Ny — CyMMa 4acTOT BapHaHT, 3HAUEHUSI KOTOPBIX MEHbIIE X, N — 00bEM
BBIOOPKHU.

F*(X) ABISIETCSl  HeyObIBaromed  (yHKUMEH, 3HAYeHUss KOTOPOH
npuHaiexar otpesky [0,1]. F*(X) caykur oneHkoil Teopernyeckoii hyHKIuM
pacnpeneneuus F (), onpenensonieii BeposiTHOCTB coObITHS X < X.

OCHOBHBIMHU rpadyecKMMH (POPMAMHU IIPEICTABICHHS JAHHBIX
HAOIIO/IEHUH ABIISAIOTCS TOIMIOH YaCTOT M THCTOIPaMMa.

IToTMIrOHOM YacTOT HA3bIBAETCA JIOMaHasl JIMHMSA, 3BEHbS KOTOPOIl
COGIHMHSIOT TOUKH C KOOpAMHATAMH (X, M), (X2,M2), ..., (X, Nk).

I'mcTtorpammoii  Ha3pIBaeTCsl  cTymeHuaras ¢urypa, cocrosiias U3
NPSAMOYTOJbHUKOB, OCHOBAaHUAMH KOTOPBHIX CIIy)KaT MHTEpBalbl OJMHAKOBOM
nnuHBL h, a BEICOTAMU — IJIOTHOCTU MHTEPBAIbHAIX yacToT Nj/h.

OCHOBHBIMH XapPaKTePUCTUKAMH BHIOOPKH SIBIISIOTCS:

1) BbiGopouHasi cpeaHsAsA X,, BBIYHUCIACTCS 1O GopMyJIe:
1 k
YBI—ZXini. (2)
N5a
2) Bbioopounasi nucnepeusi D, , Beruncisiercs no popmysie:
1< - \2
DB:Hinniz—(xB) . (3)
i=1

3) Mcnpagaennas qucnepensi S2, Berancisercs mo GopMyie:

n
S2=—_D, 4
I (4)

4) BbIGopouYHOe cpe/iHee KBAIPaTHYECKOe OTKJIOHEHNEe G, , BEIYUCIIACTCS
o gopmyiie:

. = /D, (5)

5) HcnpaBieHHoOe cpeaHee KBAAPATHYECKOE OTKIOHEHHE S, BEIYUCIIIETCS

1o bopmyie:



s=+/S2. (6)

6) Kodxdpunmnent Bapuamuu V, BEIYUCIETCS 110 GPopMyIIe:

V = =100%. (7)
X,

HepeqncneHHHe XapPaKTCPUCTUKHU OTHOCATCA K TOYCYHBIM OILCHKaM, IIPpU
ManbIX 00BEMaX BI)I60pKI/I MNPCAIIOYTHUTCIIBHCC II0JIb30BATbCA HHTCPBAJIBHBIMUA
OLICHKaMH.

JloBepUTEIbHBIM HMHTEPBAJIOM Ui mapamerpa 0, TOYEYHOH OICHKOH

KOTOpOro sBiseTcss 0, Ha3BIBAIOT HMHTEPBAI (9*—8,9*+8), COJICPIKAIMHA C

3aJJaHHOM BEPOSITHOCTHIO Y 3HAUCHHUE mapamerpa 0, Y Ha3bIBaIOT HAJEKHOCTBHIO
OLICHKH.

Hanpumep, B ciaydyae HOpMaiabHO paclpeleI€HHON CIIy4YalWHOU BEIWYUHBI
JIOBEPUTEIBHBIA MHTEPBAJ JJIsI CPEAHErO 3HAYEHHUS MPU HEU3BECTHOM MapaMeTpe

G ompenemnseTcs GopMyJIIOi:

Xy

ts _ ts

——=X%t+—= |, (8)
VRV

rae t — kpuTrueckas Touka pacnpenenenus Cteiofenta ¢ K =n—1 crenensmu

CBOOO/IBI JIs1 ABYCTOPOHHEH 001aCTH HA YPOBHE 3HAUUMOCTH

o =1—7yonpexaensercs mo TabaMIaM, HAIPUMEP B [1] .

Ipumep. Cratuctuueckas o0pabOTKa pe3yabTaTOB H3MEPEHHUH (BBIUYMCICHHS
BBINIOJIHATH C TOYHOCTBIO JI0 IBYX 3HAKOB MOCIIE 3aISITON)
JlaHbI pe3ysbTaThl U3MEPEHUN 3HAYEHUN CIIy4YaiiHOM BEJIMYUHBI X.

CocTaBUTh CTaTUCTUYECKOE PACTIPEEICHHE BBIOOPKU U HANTH:

a) XapaKTepUCTUKU BaApUALIMOHHOTO psJia: pa3Max BapbUPOBAHUS, MOJY,

MeJIMaHy;

0) SMOUPUYECKYI0 QYHKIIMIO pacIipeieieHus U MMOCTPOUTH ee Tpaduk;

B) MOCTPOUTH MOJIUTOH YAaCTOT U THCTOTPaMMY;

I') BHIOOPOUYHYIO CPEAHION0;

1) BHIOOPOYHYIO U UCIIPABJICHHYIO JUCIEPCUU;



€) BBIOOPOYHOE U UCTIPABIICHHOE CPEHUE KBAIPATUICCKUE OTKIOHCHHS
(ctangapr);
K) koadpunment Bapuanuu ( %);
3) TOBEPUTEIbHBIA UHTEPBAJ JIJIsl CPEAHErO 3HAUEHUS MpU3HaKa X C
HaJie)KHOCThIO ¥ =0,95;
12;9; 16; 17; 10; 9; 15; 12; 15;16; 20; 18; 17; 9; 15; 9; 16; 9; 18; 16
CocTaBuM CTaTUCTUYECKOE pacipeiesieHue BeIOOpKu. [l 3Toro
PaCIIOJIOKUM BapUAHTHI B MOPSKE BO3PACTAHUS:
9;9;9;9;9; 10; 12; 12; 15; 15; 15; 16; 16; 16; 16; 17; 17; 18; 18; 20
Y TIOAICUMTAEM YHCiIa HAOMIOACHUN KaX a0 BapuaHThl — 4YacToThl. [lomyunm:

x. |9]10]12]15[16]17] 1820
n|5/1 |23 [4]2]2]1

a) Pasamax BappupoBanus R = Xmnax — Xmin = 20 — 9 = 11; mona Mo=9; 00béM
BbIOOpKH N=2(0, MOATOMY CEpEeIMHA BApUALIMOHHOTO Psiia HaXoauTcs Mexay 10-i
u 11-if BapuaHTamMu B yHOPSAOYCHHOM BapHAIIMOHHOM PSTy, H MeTuaHa
BBIUUCIIACTCS KaK MX cpepnee apupmerrueckoe, Me = (15+15)/2=15.

0) DOMnupuueckyro GyHKIUIO pacnpeneneHus Haiaem mo dpopmye (1):

x<9 F*(x)=0;

9<x<10 F*(x):£=0,25;
20
10<x<12 F*(x):5—+1:0,3;
20
12<x<15  F*(x)=22r2_04;
20

15<x<16 F*(x):w:O,SS;

20
16<x<17  Fr(x)=21H2¥3%4_4 75,

20



_5+1+2+3+4+2

17 <x<18 F*(x) —0.85:
20
18<x<20  F*(x)=2tEretStareaes g,
20
x> 20 F*(x):5+1+2+3+4+2+2+1:1_
20
Hoctpoum rpadux (puc. 1)
A
F*(x)
) N
7 ?—q_
0,85 __________________ _°I_:, :
0,75 ------—----—-—--- o— i
055p—-""""--- Io_i i i
4| e
0,3 — — — — i — | | | |
025 0= | o :
o . . I T
910 12 15161718 20 X

Puc. 1
B) Iloctpoum nomuron gactot (puc. 2). st atoro mo ocu OX 0TIOXHUM

HaOmro1aeMble 3HaUeHUA X, a 1o ocu OY uyactoTsl N;. OTMETHM TOYKH C

KOOpAnHaTaMHu (Xi ' Yi ) U COCAMHHNM HX ITOCICAOBATCIIBHO OTPC3KAMU IIPAMBIX.

A
M
5t
4 bV __
2
1 |-L-

: >

0 910 12 15161718 20 «x

Puc. 2



JlJi1 mOCTPOEHHUsI TUCTOTpaMMBbI pa3o0bEéM HHTepBai u3mMeHenus X (9,20) na
JIBa MHTEPBaJIa OJMHAKOBOW JTMHBI N=5,5, mojcunTaeM WHTEPBAIBLHBIC YaCTOTHI U

IJIOTHOCTHU MHTCPBAJIBHBIX YdCTOT. PCSYJILT&TLI BHECEM B Ta6J'II/IHy 1.

Tabauya 1
unTepBaibl | UaTepBanbabie | [IMOTHOCTH MHTEPBAIBHBIX
YaCTOTHI N gacTtotT N;/h
[9; 14, 5) 8 16/11
[14, 5; 20] 12 24/11
[TocTpoum ructorpammy (puc. 3).
ni A
h
24/11f ——---—--——-
16/11} -
0 9 14,5 20 X

Puc. 3

r) Beraucinm BEIOOPOYHYIO CpeaHION0 10 hopmyde (2):
X, :2—10(9-5+1O-1+12-2+15-3+16-4+17 -2+18-2+ 20-1) =13,9.

1) Berauciaum Be1OOpouHyto auctepcuro hopmyie (3):

D, :%(92 5+10%2.14+12%-2+152.3+162-4+17%2.2+182.2 + 202 -1)—

~13,9% =12,69.
Hcnpapnennyro gucrnepcuro HaiuaEM o hopmyiie (4):

S?= %12, 69 ~13,36.



e) BribopouHoe u ucnpaBIeHHOE CPETHUE KBAPATUIECKUE OTKIOHEHUS HalAEM

o ¢popmynam (5) u (6):

G, = 412,69 ~ 3,56; s = /13,36 ~ 3,66.

k) Koaddunuent Bapuaruu Beraucium mo Gopmyse (7):
V= 3,66 -100% = 26, 33%.
13,9

1
3) JloBepHUTENbHBII MHTEPBAJ ISl CPEIHEr0 3HAUYECHUS NpHU3HaKa X HalaéM 1o
dopmyne (8). Cravama mo Tabmure [1] HaWAéM KPHUTHYECKYIO TOYKY
pacnpenenenns CThIOAEHTA ¢ YHCIOM crerneHel cBobomsl K=n—-1=20-1=19 u

ypoBHeM 3HaunMoctd o0 =1—7=1-0,95=0,05. [Tonyuum t = 2,09 u noxcraBum B

(opmyy (8):
13,9 - M; 13,9+ M . [Tocne BEIYUCICHUS TOTyIUM
J20 J20

JIOBEPHUTEIBbHBII HHTEPBAI [UIsi cpefHero 3HadeHns (12,19; 15,61).

2. Bwviuucnenue owiub60K npamvix usmepeHuil
Omunbku n3MepeHunit KiraccuuuUpyroT Kak CHCTEMaTH4YECKHUE, CIydaiiHbIe U
rpyOble mpoMaxu.

CucreMaTH4eCKMMH HA3bIBAIOT TaKHE OIMMOKH, KOTOPHIE BO3HHKAIOT HM3-3a
U3BECTHBIX NMPUYMH, JEHCTBYIOIIUX MO ONMpeneIEHHBIM 3aKOHAM U, KaK MPaBUjIo, B
ornpenenéHHOM HampaBieHUU. VX MOKHO KOJTUYECTBEHHO OMpPENEIUTh U BHOCHUTH
B U3MEPEHHS COOTBETCTBYIOIIHNE TOMPABKH.

CnyyailHIMU Ha3bIBAIOT TaKUE€ OLUIMOKH, MPUYUHBI KOTOPHIX HEU3BECTHHI U
KOTOphIE HEBO3MOXHO YYeCThb 3apaHee. Takue OIMOKA MOXHO BBIPA3UTh
HECKOJIbKUMH crioco0aMu. YacTo MoNib3ylOTCsSl MOHATUEM MpPEaeiIbHON OIINOKU
A, TOA KOTOpPOH TOHUMAIOT HauOONBLIYIO CIOy4yallHyl0 OMMOKY THpHu
MOJIb30BAHUU UCIPABHBIM MPUOOPOM TMPU YCTPAHEHHBIX CHCTEMATHYECKHX
omubOkax. OHa MOXET OBITh OIpelnelieHa W3 TacmopTa Mpubopa WM MPUHSITA

PaBHOM IMOJIOBMHE HAMMEHBIIIECTO JICJICHHS IITKaJIbl Iproopa.



[Ipu ompeneneHuy BEMMYUHBI CIYYaMHBIX OIIMOOK MOHO TOJB30BaTHCS
CTaTUCTUYECKOW  OIIMOKOM, TMOJYyYEHHOM HEOJHOKPAaTHBIMU H3MEPEHHUSIMU
00paboTKOM pe3ynbTaTOB METOJIAMU MAaTEMAaTHUYECKOM CTATUCTUKHU. B 3TOM cityyae
MIOCJIEI0BATEIBHOCTD ONPEACTECHHS CIyYallHbIX OIIUOOK CIeayIomas:

1) TIpubopom H3MEPSIOT HECKOJIBKO pa3 (N pa3) MPaKTUYCCKU IOCTOSHHYIO

BCIIMYUHY U HAXOIAT e€ CpCOHECC apI/I(I)MCTI/I‘IeCKoel

1 n
X=— z X. (9)
N
2) BEHIUUCISIOT HCOPABICHHYIO AUCIIEPCUIO U3MEPSAEMOM BETHUHMHBIL
1 & 2
§2=_—_ Xi —X 10
m—rp (X —X) (10)

1 HCIIPABIICHHOE CPE/IHEE KBAIPAaTHUUECKOE OTKJIOHEHHE (CTaHAapT):
Y
s=+/S". (11)
3) Torna HanOoIbIIAs BO3MOXKHAS CTATUCTUYECKAS OIIHOKA C

BEPOSATHOCTHIO 99,73% B ciydae HOpMAJIBHOTO 3aKOHA PACIIPECIICHUS

CIIy4ailHOW BEJIMYUHBI Oy/IET:

a OTHOCHUTEJIbHAA OIINOKA:
@ -100% = i? -100%. (13)
X X

Ipumep. OnpeeneHne NOrPENTHOCTH MPSIMbIX U3MEPEHUI (BBIYHCIICHUS
BBITIOJIHATH C TOYHOCTHIO JI0 JABYX 3HAKOB TIOCIIE 3aITSITON)

Jansl pe3ynbTatsl 10 paBHOTOUHBIX U3MEPEHHUN HEKOTOPOM (pr3ndecKoit
BEJIMYMHBI, TPOBEJCHHBIE 0€3 CUCTEeMaTHYECKUX OITMOOK. BhIUuCIUTh

1) cpenHee 3HaUEHUE U3MEPSEMOU BEJIUUUHBI;

2) CpeaHEKBaIPATHYCCKYIO OIIHOKY;

3) npeaenbHYI0 OTHOCUTEIIbHYIO BEPOSATHOCTHYIO OIIMOKY, IMPEAIoaras, 4ro

pe3yabTaThl UBMEPEHUN pacipeaeieHbl HOPMAJIbHO;

4) NOBEPUTENIHHBIN UHTEPBAJ JJII HCTUHHOTO 3HAYEHUS U3MEPSEMON BEITUYMHBI

¢ HajexHocThio ¥ =0,9.



PesynbraTel n3MepeHui:
7,94 8,45 9,09 8,71 839 9,37 9,26 8,68 8,28 8,39

1) Haitném cpennee apudmerndeckoe 1o dopmyie (9):
X =%(7,94+8,45+9,09+8,71+8,39+9,37 +9,26 + 8,68+ 8,28
+8,39) =8,656.

2) Beraucium ucrpaBiieHHYI0 aucriepcunto o popmyne (10) u ucnpasieHHOE

CpellHee KBaJjpaThuyeckoe oTkIoHeHue 1o gopmyie (11):
S?= %((7, 94 —8,656)° + (8,45 —8,656)° + (9,09 — 8,656)* +

+(8,71-8,656) + (8,39 —8,656) + (9,37 —8,656)? + (9, 26 — 8,656) +
+(8,68—8,656) + (8, 28 —8,656) + (8,39 —8,656)2) = 0, 212;

S= «/O, 212 =0,46. Utak, cpennekBaapaTuyeckas omubdka paBHa 0,46

3) Bprumcinum npeaeibHyo omuoKy 1mo ¢popmysie (12) 1 OTHOCHTEIBHYIO
omubky o gopmyuie (13):
A, =%3-0,46=+1,38;

B 1009 = 0

-100% = £15,94%.
X 8,656

OkoHYATENBHO PE3YJIbTAT U3MEPEHU MPEICTABIISIEM B BUJIE:

X =28,656+1,38; orHocuTenpHas ommbka cocrasisger +15,94%.
4) JloBepUTeNbHBIM HHTEPBAN JJISI CPEIHETO 3HAUYCHHUS U3MEPSIEMON BEJIMYMUHBI
Haiiném o gopmyse (8). Cravana mo tabnuie [1] HalAEM KPUTHUECKYIO TOYKY
pacrpenenennss CThIOJEHTa C YHCIOM creneHei cBoboasl K=N—-1=10-1=9 #u

ypoBHeM 3Hauumoctu o =1-y=1-0,9=0,1. ITonyuum t = 1,83 u nmoacraBum B

dopmyuy (8):
8,656 — M; 8,656 + M . [Tocne BeIYUCTICHUS TOTYYUM
J10 J10

JIOBEPUTEIBLHBIA HHTEPBAJI JIJIs1 CPEAHETO 3HAUCHUS (8, 39; 8§, 92).

3. Bwvituucnenue oumub60K KOC8EeHHbBIX u3.znepenuﬁ



B GonpimnHCTBE ciyyaeB B XOJI€ SKCIIEPUMEHTA HECKOJBKHUMH IMpHOOpaMu
U3MEPSAIOTCS HECKOJIBKO BEJIMYMH U IS MOJY4YEHHs KOHEYHOrO pe3ysbTaTra 3TH
U3MepeHus: HeoOXoauMo o0paboTaTh, MCMOJIB3YS MaTeMaTHYECKHUE OIepaluu:
CIIOXKEHUS, YMHOXEHUS U T.1. [lo3ToMy HE0OXOAMMO OIIEHMBATh TOYHOCTH OIbITa
B 1I€JIOM C ITOMOIIIbIO BHIYMCIICHUS TIPEIETbHON U CPeIHEKBAIPATUUECKOM OIHUOOK
OTIBITA.

[TpaBuia BeIUKUCIICHUS TPEACIBHON OTHOCUTEIBHONW OITMOKH OIBITA!

1. Ommbka cymMMmbl 3aKiloyeHa MeEXAy HauOoJibllied W HauMEHbIIeH U3
OTHOCHTENBHBIX OMIMOOK cjaraeMeix. OOBIYHO  YYUTHIBAETCS WU
HamOoJplIass OWMOKa WIA CpeaHsasd apudMeTruyeckas BeauuuHa (B
nabopaTopHoil pabore OyaeM TMOJIb30BaThCS CpeaHed apudMeTHuecKon
BEJIIMYHHOM).

2. OmmOKka NpOU3BEACHUS WJIM YacTHOIO paBHA CYMME OTHOCHTEIbHBIX
OLIMOOK COMHOXHUTENEH WM COOTBETCTBEHHO ACIMMOTO U JEIUTENS.

3. OmmOka N-oif cTeneHN OCHOBaHUSA B N pa3 00JbIlle OTHOCUTEIHHON OIITHOKH
OCHOBAHMSI.

JI71s1 BBIUMCIIEHUSI CPETHEKBAIPATHUECKOM OIIMOKHU pe3yibTaTa KOCBEHHBIX
U3MEPEHU He0OXO0AMMO 00EeCTIeUnTh HE3aBUCUMOCTD PE3YJIHTATOB U3MEpeHuil. B
3TOM CIIy4ae CpeHEeKBaApaTHuecKas OMMOKa BbIYUCICHHS BeTMYUHbBI W,
ABJIAIONICICS QYyHKUIMEH U3MEPSIEMBIX TIPSIMO MapaMeTpoB X, Y, Z, ...

W = f(X,y,2,...), onpenemnsiercs (popMyIIoii:

Su=(F)2S2 +(f)eS8+ ()28 +... (14)
rae ( fx')0 , ( fB;)o ( fz')0 ,... — dacTHbIe npomssonnsie Gpyrkn W = f (X,y,z,...),
BBIUHCJICHHBIE TIPU CPEITHUX 3HAUYCHUAX MMapamMeTpoB X, Y, Z, ..., S2,82,82 ... —

WCIIPABJICHHBIC TUCTIEPCUHN COOTBETCTBEHHO X, Y, Z, ....
IIpumep. OnpeneneHre NOrpeHOCTH KOCBEHHBIX U3MEPEHUN
B pe3ynbpTaTe MHOTOKpPATHBIX U3MEPEHHUM ObUIH MTOTYYCHBI CPETHHE

SHAYCHUA U CPCAHCKBAAPATHICCKHUC OIIMOKH 3-X B3aMMHO HE3aBHUCHMBIX



napamerpos: X = 12,52,y = 4,58, 7 = 7,12;s, = +0,05; s, = +0,015;
s, = £0,02.
Haiiru:
a) npeelbHYI0 OTHOCUTEIBHYIO OLIMOKY M3MEPEHHH X, Y, Z U NPeaeIbHYIO
OTHOCHTENBHYIO OMIMOKY onpenenenus ynxkuun W= f (X, Y, Z);
0) cpelHee 3HAUCHUE M CPENHEKBAIPATUYECKYIO OMIMOKY ONpeIeIeH s
GyHKIHH W= f(X, Y, Z).
X =12,52; Yy =4,58; 7 =712; s, =+0,05; s, =40,015; s, =+0,02.

3

w =2
z

a) Haliném npeneapHble OTHOCUTENBHBIC OMOKH U3MEPEHUH X, Y, Z 1o hopmyIie

(13):

A 1009 =33 10096 = 529 10096 =1, 206:

X X 12,52

Av 10006 = 2210096 = + >~ 95 10006 = 0,98%:
y y 4,58

A 100% =+ 10006 = + 2292 1009 = 0,84%.
Z Z 7,12

[IpenenbHyI0 OTHOCUTENBHYIO OMMOKY onpeneneHus QyHKIuu

W=f (X, Y, Z,...), HaAEM T10 TTpaBUJIaM BBIYMCIIEHUS TPEAETBHON OTHOCUTEIBHOM

OILIIMOKH OITBITA:

A—_“ -100% = i(l(% -100% + B-A—_“ -100%) + ﬁ-loo%j =
W 2\ X y z
=((1,2%+3-0,98%)/ 2 +0,84%) = 2,91%.

x—vy?
0) Beruucium cpennee 3nauenue Gyakmaun W = :

YA

— _y3 _ 3
WXy _12,52-4,58 _ 1173,

z 7,12



J171s BBIYMCIIEHUS CPEAHEKBAPATUIECKOM OMUOKY onpeaeneHus: GyHKIUH

W = f(Xx,y,2,...), mo dopmyie (14) HaiiéM JacTHBIC IPOU3BOIHBIE:

_1 ' _% r_ X_y3
z z 72

M BBIYHMCJIMM HX IIPH CPEIHMUX 3HAUCHUAX X, Y, Z:

(f

1 3.4,582
N.o=——=014: (f!) =22 __gsg4
o 7.12 (), 7.12
, 12,52 — 4,58°
1)y =" i LS

[Toacrasnsis B popmyiny (14), nomyunm:

Sw

— 0,142 .0,052 + (~8,84)° -0,0152 +1,657 -0,022 = 0,137.

4. Pacuém xapakmepucmuk JTUHEUHOU pecpecCuoHHOl Mooeau

OnnuM u3 3(pPEeKTUBHBIX METOJOB YCTAHOBJICHHUS B3aUMOCBSI3EM MEXTY

dbakTopamu SBISETCA KOPPEISAIMOHHO-PETPECCUOHHBIN aHAIH3.

33,[[3‘-13 KOPPCILINUOHHO-PCTPCCCUOHHOTO MCTOJa 3aKJII049acTCsA B

HAaxOXJICHUU  OMIMPUYECKOIO  YpPaBHEHHs,  XapAKTEPU3YIOIIETO  CBA3b

PE3yJNbTATUBHOTO MTapaMeTpa Y C ONpeesi€HHBIM BXOJIHBIM (hakTopom X.

B kauectBe Qopmbl cBsizu Y U X MIMPOKO HCHOIB3YIOT JHHEHHYIO

3aBUCUMOCTb B CHJIy €€ MPOCTOTHI B Pacu€rax, a TAKKE B CBSI3U C TEM, UTO K HEWH

MOJKHO IIPUBCCTHU MHOI'HC APYIHUC BUAbI 3aBUCUMOCTH.

o K~ WD oE

Pacuér nuHeiHO! perpecCHOHHON MOJIEH BKJIFOYAET CJICAYIOIINE TAIbI:
Pacuér TeopeTnueckoro ypaBHeHUs JIMHENHON PETPECCUM;

OreHka cuitbl CBSI3H, pacd€T KodpuimeHTa Koppesiuu;

OueHka 3HaYMMOCTH KO3(PPUIIMEHTa KOPPEISLIUK;

OreHka 3HAYMMOCTH KOI(PPUITMEHTOB YPAaBHEHHS PETPECCHH;
Omnpenenenre afeKBaTHOCTH YPAaBHEHUS PETPECCUU U IOBEPUTEIBHBIX
TPaHUIL.

Jluneiinas perpeccust Y Ha X UM€EET BUJ:



y(X)=o+pBXx,
rzae o u f — mapameTpsl perpeccuu (3 HazbpiBaeTcs KO3 (OUIIMEHTOM PErPECCHH).

CraticTHYeCKHE OLEHKM o © [° mapaMeTpoB perpeccud o u

BBIOMPAIOTCS TAKUM 00pa3oM, 4TOObI 3HAUCHUS Y (i =12,..., n), BBIYHMCJICHHBIE II0

* *
dopmyne Yy, =o” +pX;, ObUIM Kak MOXHO OJNMXKE K SMIUPUYECKUM 3HAYCHUSIM

y;i. B kauecTtBe Mepbl OJIM30CTH BBIOMPAIOT CYMMY KBaJpaToB OTKJIOHEHH

n 2
Z(y, _yi) . MGTOI[ HaXOXKICHUA IMapaMCTpOB C IIOMOIIbIO MHHHMH3AIIUU
i=1

CYMMBI KBaJPaTOB OTKIOHCHHH SMIMPUYCCKUX 3HAYCHHH Y; OT TEOpEeTHUYECKHX

3HAYCHUH yi B TCX JKC TOYKAX HA3ZBIBAIOT MCTOAOM HAMMCHBIINX KBaJIpPaTOB.

OnTuManbHbBIC 3HAUCHUS [mapamMcCTpOB, ITIOJTYYCHHBIC COTTIACHO 3TOMY

METO/Ty, ONIpEeaeIOTCS (hOPMYIaMHu:

o' =y-p'x, p =4 ) (15)

rae X uy— cpeanue 3HadeHust X v Y, KOTOPBIE BBIYUCIISIOT IO (pOpMYJIaMm:

13 13
X==>X, ¥==DVi (16)
N5 N5
YuureiBas (15), 3arnuinemM SMIMPUIECKYIO JTHHHIO PETPECCUU B BUJIC:
y=Y+p"(x—X). (17)

Cunty NTMHEWHOU KOPPEJSIITMOHHOW 3aBUCUMOCTH Y U X XapaKTepus3yer
ko3 dunmenT koppersuuu . KosddunueHnt r uamensiercs B npeaenax or —1 mo
1. Uem Ommxke oH Kk *1, TeM cuiibHee JuHEHHas CcBsi3b Y U X, B IPEACIBHOM
cimydae, ecnmu =21, wumeer mecrto TouHas JUHEWHas (QyHKIUOHATBHAS
3apucumocth Y ot X. Ecmum r=0, to Y u X He koppenupyror. OueHKoM

kodddummenta  Koppensuuu I CAYKUT  BbIOOPOYHBIA KO3 Pumuent

KOppeJasiuuu I, KOTOPBIH BEIYUCIISETCS IO (POPMYIIE:



r=—= : (18)

. 2% 2
2(6=%)" 2 (% -9)
i=1 i=1
Koaddurpent xoppensuuu I, onpeaensieMplii Mo BbIOOPOYHBIM JTaHHBIM,
MOXET HE COBHaAaTbh C JCHCTBUTEIBHBIM 3HAYE€HUEM, COOTBETCTBYIOLIUM
TE€HEPAJIbHOM COBOKYNMHOCTH. JUIA TPOBEPKM CTATUCTUYECKOW THIIOTE3BI O
3HaYMMOCTU BBIOOPOUYHOTO KO3((PUIMEHTAa KOPPENIALUU HCIONb3YIOT t-KpuTepuii
CrplofieHTa, Ha0II01aeMO€e 3HaUeHHE KOTOPOTO BHIYHUCISIETCS IO (hopMyIie:
P r’<n-2
HaOn — W .

Kputnueckoe 3Hauenume t-kpurepus t, A4 yucaa cTeneHed CBOOOIBI

(19)

K =N —2 u ypoBHS 3HAYUMOCTH 0. HAXOJAT MO TAOJIUIIAM KPUTUYECKUX TOUYCK

pacupenenenust CtoronenTa [1]. Ecau |tHa6H| > |th

, TO IIPCAITIOJIOKCHHUC O HYJICBOM

3HAYCHUU KOd(P(UIIMEHTAa KOpPPEISUU HE TMOJATBEPKIACTCI, M BBIOOPOUYHBIN

kKoa(huieHT Koppensauuu 3HauuM. Eciu |tHa6H|<

te|, TO BenMuMHa ' Onm3Ka K

HYJIIO.
JIJist OLIEHKW MapaMeTpoB, BXOIAIIMX B ypaBHeHue perpeccun (16) , mpu
pelIeHNd  MPAKTUYECKUX  3a7a4  MOXKHO  OTPAHUYMUTBCS  MOCTPOCHUEM

JAOBCPUTCIIbHBIX HWHTCPBAJIOB. I[J'IS[ SaI[aHHOﬁ Ha):[é)KHOCTI/I Y HAOBCPHUTCIILHBIC

WHTEPBAJIBI ISl MTApaMeTpoB Y U B omnpeaenstoTcs: GopMyIamu:

tK Socr N tl( Socr
p . y + p (20)

9_Jﬁ’ )

, (21)

rae  t,, — KPUTHYECKOE 3HAYEHME (-KpUTEpUs JUIS YMCIIa CTENEHEH CBOOOMBI

Kk =n—2 u ypoBus 3HaumMoctd o = 1 — vy, KOTOpOE HaAXOIAT MO TaOJIHIIAM



KPUTHYECKUX Touek pacnpeaenenuss CtoroieHTa [1], Sy — KBaapaTHBIA KOPEHb

W3 OCTATOYHOM aucnepcun S2.;, KOTopas HaXoAUTCA 1o hopMmyIIe:

2 1 < 2
SOCT :—Z(yi _yi) . (22)
n—-243
[Tocine mONydYeHHsT DMIMPUIECKOTO YPABHEHHS PETPECCHH, IPOBEPSIOT
HAaCKOJIBKO OHO COOTBCTCTBYCT PpC3yJibTaTaM Ha6HIO,HeHHﬁ. I[Hﬂ IIPOBCPKU

TUIOTE3bl O 3HAYMMOCTH YPaBHEHHUS PErpPEeCCHM HCHOJB3YIOT F-KpuTepuii

®dumiepa, HabII01aEMOE 3HAUEHHUE KOTOPOTO BBIYUCIISIOT MO (hopMyJie:

h
FH3.6J'I = g; (23)
rae  S{— ucnpasiennas gucnepcrst Y, KOTopast BBIUCIAETCs 1o hopmye:
1 & N2
Sy=—->.(vi-¥)" (24)

Kputnueckoe 3nauenne F-xpurepus F, ansa uucna cremenei cBOOOMbI

kk=n-1u ky =Nn—2 u ypoBHA 3HAYUMOCTH O HAXOAAT IO TaOJIHIIAM
KPUTUYECKUX To4eK pacnpenenenus Pumepa-Crenexopa [1]. Ecnu Fypp, > K, TO

TMIIOTE3a O HE3HAYMMOCTH YPABHEHMS PETPECCHH  HE TMOATBEPXKIACTCH, H

YPaBHEHHME COOTBETCTBYET pesyibTataM HaOmoneHuil. Ecmm  Fyg, <Ky, TO

MTOJIyYEHHOE YPaBHEHHE HE3HAYMMO.
Emé onHOWM XapakTepUCTUKOW MEPBI TOrO, HACKOJIBKO 3MIIMPUYECKOE
YpaBHEHHE XOpOIIO OMHUCHIBAET JAaHHYIO CHUCTeMY HaOJIIOJCHUM, SBISETCS

KO3 PHUIUEHT IeTepMUHALINY 0, KOTOPBIA BEIYUCIIAETCS 110 PopmyIie:

d=1-4L (25)

> (yi-y)

i=1

Yem Ommke k03 duimeHt d K eTUHHIIE, TEM JIyUIlle OMMCAaHUE.



Ilocne Toro kak MOJICJIb IIOCTPOCHA, OHA HCIIOJIB3YCTCA JIA aHaJIn3a U

nporHo3a. [Iporao3 ocymiecTBiasieTcst MOJACTaHOBKOM (hakTopa X = Xg B ypaBHEHHUE

(17). IonyyaeTcsa ToueyHasi OleHKa Y :

y =Y+ B (X —X). (26)

]_IOBepI/ITeJII)HHﬁ HHTCPBAJI IJISI ITPOTHO3UPYEMOI'O 3HAYCHUA UMCCT BU:

1, (o-x) 1, (6%
y thSOCT ﬁ + n ’ y + thSOCT -+ n ’ (27)
2 n
2 (x = X) (% —X)
i=1 i=1
rac th — KPHUTHYCCKOC 3HAYCHHC t-KpI/ITepI/IH JJIs1 9Yuclia CTEINEeHEN CBO6OI[BI

K =n—2 u ypoBHs 3HaunMoctd o = 1— vy, KoTOpoe HaAXOIAT MO TaOJIHIIAM
KPUTHYECKUX TOoueK pacnpeaeneHus Croroaenra [1].
Hpumep. [loctpoeHne moaenu TMHENHON PErpeECCUn
[To gaHHBIM HAOIIOJICHUN ONIPEETUTh MTapaMeTPhl JIMHEHHOTO
ypaBHeHus perpeccuu Y Ha X. Haittu ko3 duiimentsl perpeccun u
KOPPEJSIUU MPOBEPUTDH TMIIOTE3Y O 3HAUMMOCTH BEIOOPOYHOTO KOd(DpuiiuenTa
Koppensiuuu. Hailtu noBeputebHble HHTEPBAJIBI JJIs1 TApaMETPOB YPaBHEHUS
perpeccun. Onpeaenutb KodpPuimeHT nerepmunanuu. [IpoBeputs rumnotesy o
3HAYMMOCTH MOJIyYEHHOT'0 ypaBHEHUs perpeccuu. Halitu mpornosupyemoe
MOJIENBIO 3HAYEHNUE Y NIPU X=Xo U HAUTH ISl HETO JOBEPUTEIbHBINA HHTEPBAJL.
YpoBeHb 3HAUMMOCTU O. TPUHATH paBHBIM 0,05.
X | 73|85 (102 115|122 | 126 | 134 | 147
Y 0507109111414 |17|19
Xo =140

JJist moTy4ueHus mapaMeTpoB YpaBHEHHUS PETPECCUU COCTABUM TAOJIHILY.

Tabnuya 2

X | Y [ x=x | Y=V | (x=%)" | (y=9)" | (x=X)(y=Y) | vy (y—Y)2




7305 -40] -07] 1600 0,49 28 | 0,43 0,0049
85/0,7| -28| -05 784| 0,25 14 |0,661| 0,0015
102(09| -11| -0,3 121| 0,09 3,310,998 0,0077
11511 2| -01 4l 001 021,239 0,0193
12214 9| 02 81| 0,04 1,8(1,373| 0,0007
126 14| 13| 02 169| 0,04 2,6 1,450 0,0025
134(1,7| 21| 05 441 0,25 10,5 | 1,604 | 0,0092
14719 34| 07| 1156| 049 238 1,854 | 0,0021
904/9,6| 0| 0| 435| 1,66 83,8 0,0479

B nmocnenneld  cTtpoke  TaOMMIBI  TIPUBEACHBI CyMMBI  CTOJIOIIOB,
UCIIOJIb3YEMBIX B pacUETax.

Haitném cpennue 3nauenust X u Y o dpopmyiie (16):

x=22_113 y=2°_17
8 8
Boruucinum koadduniment perpeccuu mo gopmyiie (15):
B* = 838 =0,01924 wu mnoMyYyuM OMIIUPUYECKOE YpaBHEHUE PETPECCHH,

nojcrasisas X, Y, B B (17):

y=12+0,01924(x-113). (28)

ITo dopmysie (28) BRIUMCINM TEOPETUUECKUE 3HAUCHUST Y U 3all0JIHUM JIBa

MOCJICAHUX CTOJIOIA TaOIHIIBI 2.
Berancnum koaddurment koppensaiuu mmo gopmye (18 ):

. 83,8
M=——====0,985 wu npoBepumM THUNOTE3y O €ro 3HAYUMOCTHU.

/4356 166
Hab6mrogaemoe 3Hauenue kpurepus HaiaéM o ¢popmyiie (19):
Lyaon = 0.95V8 -2 98582

\1-0,985

Creionenra [1] HaliaéM KpUTHYECKYIO TOUKy pacnpeneicHus CTbrOJIeHTa C

=13,98. Tlo Tabnuie KPHTHYECKHMX TOYEK pacIpeicIICHUS

qKCIIOM crerneneil cBoboapl K=n—-2=8-2=6 u yposuem 3naunmoctu o =0,05.



IHomyunm t, =2,45 wu cpaBEuM 5, U L! ‘tHa@I‘>th,CJ'IeI[0BaTeJ'H>HO,

K03 pumeHT Koppensaiuu 3Ha4uM, U Y U X CBSI3aHbI JMHCHHOW KOPPEISITMOHHON
3aBUCHUMOCTBIO.

JIns onpeniesieHns JOBEPUTENIbHBIX NHTEPBAJIOB MAPAMETPOB YPABHEHUS
JUHENHHOU perpeccun (28) HalWAEM 0CTaTOYHYIO TUCTIEPCHIO 10 dhopmydie (22):

82, = ﬁO, 0479 =0,008.IToacrasmsist B bopmyy (20), MOJTY9IUM

_ [1’2_2,45 0,008, ,, 245 0,008}

I[OBCpI/ITeJ'IBHHﬁ I/IHTepBaJI I y X \/— )
8 J8

Beruucnsas, DNoayYdMM  MHTEPBAJbHYIO OLEHKY Ui Y ¢ Hag&KHOCTBLIO
v=1-0=0,95:1,123< Yy <1,277.

JloBepuTEIbHBIN UHTEPBAJ U1 3 mosyuum 1o ¢opmyde (21):

2,45,/0,008

J4356

st mapametpa B ¢ magéxuocteio Y =0,95: 0,0159 < 3* < 0,0226.

2,45,/0,008

0,01924 + . tak, mHTEepBaIbHAS OIICHKA
\J4356 } P

[0,01924 —

[IpoBepyuM rumorTe’y O 3HAYMMOCTH IOJYYEHHOI'O YPABHEHHSI PETPECCHUM.

JIns BEIYMCIICHUS HAOJII01aeMOr0 3HAUYCHHMS F-KpuTepus HaaéM HCIpaBICHHYIO

nucniepento Y 1o popmyie (24): S2 = 8i1 -1,66=0,237. [loacrasmnss B popmyiy

(23), momyunm: Py, :%=29,625. [lo Tabnuile KPUTHYECKUX TOUEK

pactipenenenus Dumepa-Cuenekopa [1] ana  uucna  creneHed  CBOOOIBI
ki =8-1=7 u k; =8—2=06 na yposre 3naunmoctu o =0,05 naiiném F, =4,21.

CpaBHuBas Ha0JI0aeMO€ W KPUTUYECKOE 3HA4YeHUs F-kputepus, MNOIy4yuM

FHa6n > F

kp» CIICAOBATCIIBHO, YPABHCHHC 3HAYMMO.

JI7Ist OIIEHKHM aJCKBAaTHOCTH JUHEHHOM MOJCIH HAOJI0JacMbIM 3HAYCHHUSIM

HalaEM TaKke KodhdUIMeHT nerepMuHaiuu mo gopmyse (25):



4 _q_0.0479

=0,971. DTtOT pe3yabTaT MCTOJKOBHIBACTCS TaK: 97,1%

U3MeHYUBOCTU Y OOBsCHAETCS H3MeHeHneM ¢dakTtopa X , a Ha OCTaJbHbBIC

ciydaitaeie (akTopel mpuxoauTcs 2,9% wusmeHumBocTH. OIHAKO, STOT BBIBOJ

JEUCTBUTEIIEH TOJBKO JUIsl pACCMaTPUBAEMOI0 UHTEpBaja 3HaueHul X.
Hcnonezyem ypaBHeHue (28) mist mporuosa. [Ipu X = Xg =140 Toueunyro

OLICHKY 151 Y Toay4yuM myTéM noactaHoBku X =140 B popmymy (28):

y=12+0, 01924(140 —113) =1,72. JloBepuTeIbHBIN HHTEPBAJ IS Y TOJIYIUM

o dopmyie (27):

2 2
172-2,45 0,008J1+M; 172+2,45 0,008J1+M

OKoHYaTeahHO, MHTEPBaIbHAs OIICHKA I Y ¢ Hax&xHocThio ¥ =0,95:

1,625<y<1,815.



